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ABSTRACT  
 
Stielow, Jennifer A., M.S., May 2010  Health and Human Performance 
   
Establishment of Physical Assessment Percentile Ranks for Junior Alpine Ski 
Competitors 
 
Chairperson:  Dr. Steven Gaskill 
 
  STATEMENT OF PROBLEM: While there is adequate literature on elite alpine skiers 
there is limited reporting relating to fitness in junior alpine skiers or the validity of testing 
related to performance in junior alpine skiers. PURPOSE: To investigate the 
physiological and anatomical characteristics in junior alpine skiers in order to establish 
performance standards and percentile ranks using the current USSA Physical Assessment 
protocol.  METHODS: 1319 junior alpine skiers (761 males and 558 females) aged 13-
19y were evaluated using the current USSA Physical Assessment testing protocol.  
Percentile ranks were calculated from results and correlations to performance were 
explored using stepwise regression techniques.  RESULTS: A current set of normative 
tables for each age group (J1, J2, J3) and gender were created using junior alpine skier 
data.  Despite higher than desired standard error of estimation relating to USSA point 
ranking the stepwise regressions revealed correlations between performance and junior 
alpine skiers in maturation status, power, anaerobic and aerobic capacities.  Despite the 
correlations made to some of the testing variables, overall the USSA Physical 
Assessment protocol was not correlated to alpine ski performance. CONCLUSION: 
Training for junior alpine skiers should continue to include aerobic fitness, anaerobic 
power and endurance, power, flexibility, coordination, and agility.  An athletes training 
program can be thoroughly evaluated by reviewing individual test to test results.  This 
will promote the proper development of stamina, strength, speed, suppleness and skills 
and enhance the effects of on snow technical training.  Further research is needed to 
evaluate into the variation seen with maturity in junior alpine racers.
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CHAPTER ONE: STATEMENT OF THE PROBLEM 
 
Research Problem 
 
 In recent years junior alpine skiing has become an increasingly intense, strenuous 
activity during which, athletes vigorously compete and train to gain an edge in their sport.  
Alpine skiing is a unique sport that requires major attention to multiple factors including 
equipment, skiing technique, physiological status, psychological status, and physical 
conditioning (37).  Currently, there are approximately 9,000 junior alpine skiing 
competitors in the United States licensed with the United States Ski and Snowboard 
Association (56). Very limited data exists about the physiological characteristics of 
developmental alpine skiers (62).  Numerous attempts to evaluate the physiological 
attributes of alpine skiing involve a wide variety of testing procedures including on-snow 
assessments, physical conditioning field tests, and laboratory tests (2, 42, 48, 49).  
Normative physical assessment data specific to junior alpine ski competitors is largely 
unavailable and has yet to be calculated for the new USSA Physical Assessment Protocol 
implemented in 2006.  
 
Introduction 
 
  In order to successfully compete in today's increasingly pressurized world of 
sport, an athlete must move faster, throw farther, and jump higher than competitors from 
the past.  Beyond genetic predisposition, this increased level of athleticism is augmented 
by utilization of more efficient and effective training and conditioning techniques as well 
as improved equipment and technical support.  By using a more comprehensive approach 
based on science, the coach as well as the athlete, gains greater control in their 
preparation, accountability and, most importantly, gains the ability to objectively measure 
progress (31).  With the renewed focus on prevention of injuries, enhancing performance 
at the younger levels of competition, and the extensive amount of time and fiscal 
commitment made by both coach and athlete, the opportunity to make intelligent 
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decisions based on objective traditional field assessment measures has now become a 
valuable tool for the progressive thinking coach seeking to maintain an edge (31).  
 
 The volume of literature on fitness testing in junior alpine ski competitors is 
considerably less than other sports (4, 36, 52, 62).   In general, sport performance is 
dependent on a diverse range of qualities including size, fitness, sport-specific skills, 
tactics, and psychological attributes (13).  Although fitness parameters appear to be poor 
predictors of alpine skiing performance (4), a well-conditioned musculoskeletal system 
may be able to tolerate the demands of the sport without failure.  Over time, the sport of 
alpine ski racing has evolved due to advances in equipment, more challenging venues, 
and rules changes.  These advancements have resulted in larger forces being placed on 
the body during training and competition (15, 52).  Physical assessment testing is often 
used to evaluate an athlete’s anthropometrical measurements, aerobic fitness, anaerobic 
fitness, power, core strength and function, and flexibility.  Coaches and sport scientists 
often use the above testing data to establish physiological fitness profiles for the purpose 
of longitudinal tracking and evaluation of the effectiveness of training.  The development 
of normative data and establishment of a database for longitudinal tracking is strongly 
recommended in many sports (52). 
 
Purpose of Proposed Research 
 
 The purpose of this study was to investigate the physiological and anatomical 
characteristics of junior alpine ski competitors to establish performance standards and 
percentile ranks for these athletes using the current physical assessment protocol from the 
United States Ski and Snowboard Association (USSA).  The current physical assessment 
protocol was rolled out in the summer of 2006.  Since then the Western Region USSA 
and the National Development System USSA has kept an updated database with raw test 
scores to be used in the future to establish sport specific performance standards for junior 
alpine ski competitors.  The establishment of sport specific normative tables will provide 
coaches and sport scientists with a more meaningful evaluation instrument to interpret the 
results and adapt the training plan based on training goals.  
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Research Hypothesis 
 
 H1. It is possible to create a set of age group normative tables describing the 
physiological and anatomical characteristics of junior alpine ski competitors.  
 
 H2. It is predicted that physiological and anatomical characteristics of junior 
alpine skiers will change with maturation and require age-adjusted tables.  
 
 H3. It is possible to make correlations between an Alpine ski racer’s fitness levels 
and current level of performance. 
 
Significance of Study 
 
 This study will generate important information on physiological and anatomical 
profiles of junior alpine ski competitors on a larger scale than previously studied (4, 5, 
36, 52, 62).  This information can then be utilized for the establishment of performance 
standards and percentiles for junior alpine ski competitors.  Percentiles can provide a 
norm-referenced interpretation of an individual score within a distribution of scores from 
a comparable group of individuals.  Proper interpretation of the percentile rankings can 
easily determine the relative position of a given fitness score in the distribution, allowing 
for the adaptation of the training plan for the purpose of performance enhancement (34). 
 
Rationale for Study 
 
 The establishment of normative tables will allow coaches, strength and 
conditioning specialists, and exercise physiologist to design appropriate training 
programs which will allow junior athletes to properly develop and meet the physiological 
demands of the sport while improving performance (34).   Coaches will gain the ability to 
give their athletes feedback detailing their percentile rank relative to other alpine skiing 
competitors.  The institution of norms will aid in the future design proper training 
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programs and injury prevention strategies through the identification and correction of 
weaker fitness areas seen in developing alpine skiing competitors.  
 
 Furthermore, establishing the validity of the fitness scores related to performance 
will help coaches, sport scientists and the USSA to evaluate the testing program and, if 
necessary, improve the testing program. 
 
Limitations 
 
 The limitation of field based measurements results mainly from the difficulty of 
reproducing the same experimental conditions from day to day.  Field assessments are 
susceptible to the problems of inconsistent terrain, testing conditions and variances 
between test administrators (25, 42, 63).  Secondly, comparison of individual athlete test 
data with normative tables needs to be done carefully with a good knowledge of the 
limitations and restrictions in data.  For example, the individual athlete's stage of growth 
and development may vary widely within an age group.  Additionally, specific genetic 
traits and the combination of traits may affect performance relative to the test results.  
The velocity of physical growth during adolescent years makes research and comparisons 
within a group of young athletes difficult (31, 35, 54).  Third, the lack of participant 
control prior to testing including rest, nutritional and hydration status may lead to 
unexpected and unexplainable variances in data.  It has been reported that variation in 
athletic performance may range 15-20% (31). 
 
Delimitations 
 
 This research study only contains data collected from testing sites across Western 
Region USSA and is not representative of the entire ski population within USSA.  
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Definition of Terms 
 
ANCOVA: Analysis of covariance; a merger of ANOVA and regression for continuous 
variables that increases statistical power because it accounts for some of the variability.  
 
Aerobic: "With oxygen" aerobic physical exercise refers to the use of oxygen in the 
metabolic, energy generating process. 
 
Anaerobic: "Without oxygen" physical exercise performed without oxygen typically for 
short duration activities that cause the body to use anaerobic metabolism.   
 
Anthropometric Measures: Measurements of body composition associated with health 
and fitness and include height, weight, fat free mass, and percentage of body fat.  
 
Biological Age: Age in terms of skeletal age, somatic (physique) maturity, or sexual 
maturation.  They progress biologically towards maturity; for example, the change of 
cartilage to bone in the skeleton. 
 
Body Mass (BM): Total body weight in kilograms. 
 
Body Mass Index (BMI): A measure of body mass:body height ratio used as a general 
health indicator in relation to norms for interpreting the relative contribution of body fat. 
(BMI = Kg/M
2
).  
 
Chronological Age: Age measured by the number of days and years has elapsed since 
birth. 
 
Concentric Contraction: The force generated is sufficient to overcome the resistance 
through shortening of the muscle as it contracts.  
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Eccentric Contraction: The force generated is insufficient to overcome external load on 
the muscle and the muscle fibers lengthen as they contract, used as a means of 
decelerating the body or an object being stopped by muscular action.  
 
Electromyography (EMG): An electrical recording of muscle activity.  
 
Flexibility:The maximum ability of a joint to move fluidly through a range of motion.  
 
Isometric: Contraction of muscles when the fibers increase in tension but do not shorten 
in length, no movement results.  
 
Isokinetic: Maximum effort is exerted during a concentric or eccentric muscle contraction 
in which the angular velocity of the limb segment is constant throughout the range of 
motion used, often time measured using an isokinetic dynamometer in units of torque.  
 
Junior Alpine Ski Racer: A definition of USSA competition competitor age groups   
encompassing athletes from the ages of 8-19 years. Subcategories include J1 = 17-19 
years, J2 = 15-16 years, and J3 = 13-14 years.  
 
Muscular endurance: The ability of a muscle group to execute repeated contractions over 
a period of time sufficient to cause muscular fatigue, or to maintain a specific percentage 
of maximum voluntary contraction for a prolonged period of time.  
 
Muscular Strength: The maximum force a muscle or muscle group can exert during a 
single contraction.  
 
Muscle Fiber Type I: Fibers appear red due to presence of oxygen binding protein 
myoglobin.  These fibers are suited for endurance and are slow to fatigue because they 
use oxidative metabolism to generate ATP.  
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Muscle Fiber Type II: Fibers appear white due to the absence of myoglobin and a 
reliance on glyocolytic enzymes.  These fibers are efficient for short bursts of speed and 
power and are quick to fatigue. Type II fibers use both oxidative metabolism and 
anaerobic metabolism.   
 
Peak Height Velocity: A point in pubescence in which the tempo of growth is the 
greatest. 
 
Power: the time rate of doing work, quantitatively power = work/time. 
 
Sidecut Radius (ski): The side cut of a ski is defined assuming the ski edge is an arc of a 
circle and determining the radius of that circle.  
 
Turning Radius (ski): The radius of a turn is different than the sidecut radius and varies as 
the turn is being executed with the edge angle being used by the skier and with the 
amount of reverse camber in the ski during the turn.   
 
USSA: United States Ski and Snowboard Association is an Olympic sports organization 
and parent body for the US Ski Team and US Snowboarding.  It provides athletic 
programs in six unique sports including alpine skiing, cross-country, disabled 
alpine/cross-country, freestyle, ski jumping/nordic combined, and snowboarding.   
 
USSA Ranking: A scoring system used to rank alpine skiers competing in USSA scored 
events.  Low scores denote higher ranking. USSA point standings allow for advancement 
up the USSA athlete development pipeline. 
 
USSA Regions: The entire United States is broken into three regions; Western Region 
comprises the states of Alaska, Hawaii, California, Nevada, Utah, Montana, Washington, 
Oregon, and Wyoming; Eastern Region covers all states east of Wisconsin and 
Minnesota; Rocky- Central Region covers Minnesota, Wisconsin, Michigan, Colorado, 
New Mexico, and Arizona. 
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VO2max: Maximal oxygen utilization. The maximum capacity of an individual's body to 
transport and utilize oxygen during incremental exercise. VO2max reflects the physical 
fitness of the individual.  
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CHAPTER TWO: REVIEW OF LITERATURE 
 
Demands of Alpine Ski Racing 
 
 Much of the research related to skiing dates back to the period between the 1970s 
and 1990s.  This early research should be reviewed critically as older studies reflect the 
demands of the sport as they were 20-40 years ago, and do not reflect the development of 
modern ski equipment and newer training regimes (52).  Skiing is an atypical sport where 
many internal and external variables act on the body during the course of a run (43) and 
individual skiing styles contribute to highly variable physiological responses during 
skiing.  The four competitive alpine skiing events are: downhill (DH), super giant slalom 
(SG), giant slalom (GS), and slalom (SL).  These four events are distinguished by speed, 
turning radius of the ski, type of course, and length of the course.  The speed generated in 
slalom ranges from approximately 20-40 km
.
h
-1
 in contrast to downhill, where speeds 
easily exceed 130 km
.
h
-1
.  All alpine skiing events are characterized by high aerobic and 
anaerobic power (4).  In the speed events (DH and SG), a downhill race may last as long 
as 2-2.5 minutes and a super giant slalom race, which involves more turns but shorter 
course, usually lasts 1-2 minutes.  In the technical events of slalom and giant slalom a 
giant slalom lasts about 60-90 seconds and the slalom lasts about 45-60 seconds, and 
includes narrow, short turns on a steeper pitch (48, 63).   
 
 While the main differences between each discipline relate to speed, distance 
traveled or vertical drop and number of gates, the components and musculature involved 
in the completion of a turn are consistent across the four disciplines.  The main 
components of the turn are the initiation, inclination, turning, and completion.  During the 
initiation phase the skier rolls skis on edge using ankles and knee rotation forward and in, 
applying pressure to tip of new outside ski to initiate tip carving through the skis' side- 
cut. The center-of-mass moves forward in the direction of travel.  Second the skier 
inclines towards the inside of the turn with the hip/upper body once the outside ski has 
been set on edge through ankle and knee angulation.  Pressure is established over the 
platform created by the engaged edge of the ski, while the downhill leg extends forward 
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along the platform to apply pressure to the ski/edge in preparation to resist forces in the 
turning phase.  In the turning phase the athlete must dynamically balance on engaged 
edge or edges, as lateral angulation increases.  At the completion of the turn the skier 
releases edge angle and moves weight to new (uphill) ski as the center of mass moves 
forward toward the crossover point or transitions to the start of the next turn (55). 
 
 Current physiological profiles of elite alpine skiers reveal the importance of 
muscular strength, anaerobic power, anaerobic endurance, aerobic endurance, 
coordination, agility, balance, and flexibility (1, 14, 25, 28, 36, 37, 38, 42, 43, 46, 48, 50, 
52, 59, 61, 62, 63, 64).  Alpine ski racing requires both physical and technical 
competence.  Training for this sport becomes even more difficult because technique 
specific training can only be performed on-snow.  Many club programs with developing 
athletes participate in several summer on-snow sessions per year, resulting in a decreased 
amount of time for physical conditioning during their off season.  It is essential to ensure 
precise, quality physical conditioning training, without wasted effort; this can only be 
obtained through the use of proper evaluation (33).  
 
Anthropometric Parameters 
 
 A large contributor to power is large fat-free mass (42), essentially large muscle 
mass of the primary muscles contributing to turning power . In the study conducted by 
White et al. (63) regional athletes demonstrated significantly lower fat-free mass values 
than international or national level athletes.  Age and physical maturity may explain these 
differences. The amount of fat-free mass was found to correlate highly with absolute 
average and maximum power (63) which is advantageous to ski racing success.  Body 
weights averaged 68.5kg and 58.6kg for regional males and females respectively (63) 
whereas body fat averaged 9.3%for regional males and 21.0% for regional females, with 
similar findings reported by Andersen et al. (2).  Song et al. (45) noted that their athletes 
were mostly ectomesomorphs and heavier than subjects in similar age groups but had a 
lower percentage of body fat.     
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Flexibility 
 
 It is well known that adequate flexibility for a sport is an important component for 
success in athletic performance but previous studies have yet to find a direct correlation 
between skiing performance and flexibility (45).  Flexibility is emphasized in training 
programs for alpine skiers to mainly reduce injuries (25).  
   
Strength and Power 
 
 Historically alpine skiers have been known to have significant leg strength (7).  
Muscle activity of a competitive ski racer is dynamic with short bursts of activity.  
Hintermeister et al. (20) found the majority of muscles were active at a high level for the 
majority of the turn with average amplitudes between 58 to 112% of maximum voluntary 
contraction (MVC).  Knee angles between 60° and 115° (180° = knee fully extended) 
have been observed in alpine skiing resulting in co-contraction of the quadriceps and 
hamstrings as well as activation of the tibialis anterior muscles during the turning phases 
of the turn with discrete contribution from the low back and abdominal muscles in the 
last phase of the turn (20, 27). 
 
 Early research found strength, measured by both isometric and isokinetic 
techniques, to be the best determinant of skiing performance for US Ski Team members 
(25).  Most recently, there has been a shift toward power training, with recent findings 
reporting no correlation between strength and World Cup ranking (1, 36).  Neumayer et 
al. (36) proposed that beyond a certain threshold greater strength is not a determinant of 
skiing performance.  From a metabolic standpoint, higher maximal strength may allow an 
athlete to work at a reduced percentage of their (MVC) therefore reducing the metabolic 
consequences of sustained high-intensity activity (16, 48).   
 
 Additionally, strength is a major component of power and thus adequate strength 
is necessary to develop the required power to carve turns during ski racing. While the 
benefits of increased strength may or may not be linked to performance, insufficient 
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strength may limit the skiers' ability to withstand the high forces and eccentric loads of 
ski racing.  The load on the muscle system is a function of the accelerative force, 
proportional to the body weight and velocity of the skier, but inversely proportional to the 
turn radius (8, 20, 21).  This is especially true of today’s equipment with decreased turn 
radius, and harder snow surfaces where a skier must balance against large forces in more 
demanding conditions (26).  Force demands placed on the body can range from 2.5 times 
the body weight on the outside leg and 1.5 times body weight on the inside leg (33).  
Recent reports suggest that the carving ski turn radius may soon exceed the physiological 
capacity of the skier (26, 36).  Insufficient strength may limit the skiers' ability to 
withstand the high forces and eccentric loads of ski racing.  
 
 The prevalent muscle contractive force in alpine skiing is eccentric and is thought 
to result from continuous downward displacement, negating the need for the forceful 
concentric actions typical of running and jumping or pushing off a bicycle pedal (7, 15).  
The dominance of slow eccentric muscle actions are noted by the knee angular velocity 
of the outside leg ranging from ~20°/s (SG) to ~70°/s (SL) (27).    In every alpine 
discipline, muscle activation reaches near maximal levels during nearly every turn.  This 
large muscle activation is especially true during GS and SG events where Berg et al. (8) 
reported prolonged muscle activation levels during the course of almost every turn.  
Measurements on high caliber skiers showed that quadriceps EMG activity averaged 67% 
during the eccentric phase and was significantly greater than that obtained during the 
concentric phase (48%) of a GS turn relative to maximal EMG activity (7).  In essence, in 
order to maximize force output, the skier predominantly depends on eccentric muscle 
actions that have a larger force capacity, are less energy consuming, and less fatiguing 
than concentric actions.   
 
 Prolonged eccentric muscle use at high intensity during GS should be viewed in 
the context of physics, while several sports rely on high knee extensor force output, the 
athlete is moving across horizontal ground resulting in net eccentric muscle use that 
never exceeds that of the concentric muscle use. The unique feature of alpine skiing that 
makes a high-sustained eccentric force production possible is the continuous vertical 
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displacement of body mass by which the skier generates speed and kinetic energy; the 
skier generates energy due to the vertical drop resulting in predominate eccentric muscle 
contraction (7).  Practical experience in alpine skiing suggests the muscle force of the 
lower limbs as the most decisive determinant of success in alpine skiing (36, 37, 45).      
 
Muscle fiber composition  
 
 In general, alpine skiers do not show a distinct fiber type profile.  Measurements 
of elite skiers show a preponderance to type I fibers versus type II fibers (50).   In a group 
of 12 competitive Swedish National Team members the average number of type I fibers 
was 57% with the better athletes having more type I than type II fibers (14).  In the study 
"Allalin 2000" conducted by Vogt et al. (58) muscle fiber composition for both men and 
women averaged 64.6% type I and 35.4% type II fibers with a fiber size ratio (type 
II/type I) of 1.22.   
 
 A preferential reliance upon the type I fibers in highly skilled skiers is necessary 
for the sustained, near maximal muscle contractions at low angular velocities that alpine 
skiing demands (8).  During competitive alpine skiing, the mechanical and metabolic 
demands on skeletal muscles are high.  In a presentation given by Vogt et al. (58) on 
Swiss junior athletes the reduction in muscle glycogen content was higher in type I than 
type II fibers suggesting the energy consumption during competitive alpine skiing can be 
considered high and depends predominately on carbohydrate metabolism.  It was noted 
that glycogen was almost undetectable in some type I fibers at the end of the training 
session (58). 
  
Energy System Contribution (aerobic & anaerobic) 
 
 Several investigators have noted that alpine skiing requires both aerobic and 
anaerobic power (19, 42, 45).  Alpine skiing generally is classified as an anaerobic 
activity as DH, the longest race, is performed in less than 3 minutes (50).   Measurements 
during competition show that elite skiers tax 95% to 120% of their aerobic capacity 
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during a GS (25) and have high levels of muscle and blood lactate following a 
competition (25, 42).   Eriksson et al. (14) claimed during a giant slalom race the 
demands on the circulatory system should be maximal or nearly maximal.  Seifert et al. 
(43) reported individuals obtained heart rate (HR) between 85 to 93% of maximal HR 
values.  However, HR was not a significant predictor and did not correlate with 
performance in skiing due to the influence of multiple factors during skiing.  
 
 Energy cost analysis conducted by Saibene et al. (42) indicated an aerobic 
contribution of 46.4%, lactate contribution of 25.3%, and alactate contribution of 28.3% 
in GS.  Table 1 shows the approximate race time for each discipline in Alpine ski racing 
and the estimated percent contribution of the various energy systems (12).  
 
 There have been several reports of maximal oxygen consumption (VO2max) values 
for alpine skiers with averages ranging from 53.4 to 51.4 ml/kg/min for men and 46.7 to 
43.4 ml/kg/min for women (63).  The highest reported value was 70 ml/kg/min (25).  
 
 Studies measuring lactate concentrations post training run show concentrations 
ranging from 10 mmol per liter to 6 mmol per liter after intense training sessions (14, 40).  
Data collected by Richardson et al. (40) suggests that significant lactic acid (LA) 
accumulates in training, and subsequent runs occur without the complete removal of LA 
(43).  Eriksson et al. (14) showed the greatest lactate accumulation with GS skiing, 
indicating that anaerobic demands are greatest in this event.   Veicstenias et al. (57) 
estimated that 60% of energy sources were furnished through anaerobic metabolism; 
specifically they suggested 40% of the total energy contribution came from LA 
metabolism for the disciplines of slalom and giant slalom. This is mainly due to the 
muscle contraction patterns and extreme joint angles observed during alpine skiing which 
impede blood flow and subsequent oxygen delivery (48).  
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 Table 1. Approximate race time for each discipline in Alpine ski racing and the 
 estimated percent contribution of the various energy systems (12). 
 
 Time in 
Seconds 
Anaerobic 
Alatic 
Anaerobic 
Lactic 
Aerobic 
Slalom 45 - 60s 25 - 30% 50% 20 - 25% 
Giant Slalom 70 - 90s 20 - 25% 50% 25 - 30% 
Super G 80 - 120s 10 - 15% 45% 40 - 45% 
Downhill 90 - 150s 5 - 10% 45% 45 - 50% 
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 In the last few years, the Swiss national team observed increases in aerobic power 
(+11%), reduced muscle strength (-20%), and reduced anaerobic power (-10%) over a ten 
year time period (28).  Interestingly, Neumeyer et al. (36) also reported trends toward 
decreased quadriceps muscle strength and increased maximal aerobic power in the 
Austrian Ski Team from the season 1997-1998 to the season 1999-2000.  The observed 
physiological changes could also be explained by changes in ski characteristics, length, 
turn radius, stiffness, and the addition of plates increasing stack height similar to a 
hockey skate; which in turn would modify ski technique.  It has been speculated that 
modern ski equipment requires lower muscle strength and anaerobic power but greater 
technical skills compared to older equipment (28).  This is contradicted by another recent 
study that found an increase in leg power and lower aerobic capacities (17).  
 
Growth and Maturation 
 
 Children develop at different rates, many variances in anthropometrical and 
fitness test results between genders and ages are related to biological changes associated 
with the adolescent growth spurt (29).  Males typically have a longer prepubertal growth 
period with greater velocity curves of peak height and body mass stimulated by 
hormones.  Substantial physical differences between older and younger individuals are 
evident during adolescent growth periods with both males and females showing sharp 
increases in body size and fitness during adolescence (24).   
 
 Females tend to reach their peak height velocity at approximately 12 years and a 
height plateau around 15 years.  Males tend to peak about 14 years and generally reach a 
growth plateau by 18 years (13, 29).  Jones et al. (24) highlighted that at a given skeletal 
maturity, chronological age variation may be considerable, emphasizing that 
chronological age and skeletal maturity rarely progress at same rates.   
 
 Within a given chronological age group some children may be advantaged or 
disadvantaged in their performance of physical fitness tests due to their maturity status, 
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especially when comparing age specific norms.  It has been suggested by Jones et al. (24) 
that performance standards should take into account the biological age of the participants 
more than their chronological age.  
    
History of Physical Assessment in Alpine Ski Racing 
 
  The efficiency of training depends considerably on the quality of training 
methods, with respect to performance diagnostics available to the athlete.  A valid and 
standardized testing battery should be built into the training process for all performance 
relevant features of the sport in question and the testing battery should include norm 
profiles and normative tables in order to optimize the quality of training; this is especially 
important in more complex sports such as alpine skiing (33).   
 
 The purpose of physical assessment has always been to identify strengths and 
weaknesses of individual athletes and recognition of trend patterns in a given population 
and use data to refine training programs and provide educational content for coaches and 
athletes involved in designing training programs.  A proper physical assessment should 
assess responses over time in order to improve the quality of conditioning prescription 
that involves the creation of a database for athlete progress tracking.    
 
Anthropometrical Measures 
 
 Anthropometrical measures in past testing batteries have included height, leg 
length measurements, weight, and sum-5 skinfold measurements to determine percent of 
body fat and fat free mass (2, 19, 38, 45, 53).  One study comparing regional, national, 
and international caliber athletes used hydrostatic weighing to estimate percent body fat 
and fat free mass, this is largely unavailable to the general population (63).   
 
Flexibility 
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 Past flexibility tests have included the sit and reach test (39), a hamstring 
flexibility test measured with a goniometer (53).  Flexibility tests conducted by Song et 
al. (45) included flexion and extension measurements using a goniometer for the 
shoulder, trunk, hip, knee, and ankle.  
  
Strength and Power 
 
 Various testing methods have been previously used in testing for strength and 
power in alpine skiing.  Testing ranges from 30, 60, and 90 sec Wingate tests to the 
various jump protocols; (60) discovered that alpine skiers were not maximally taxed in 
the laboratory environment unless the resistance load during the Wingate testing was 
increased.  The increased intensity and various durations (30 to 120s) were found to yield 
important measures to assess success in competitive alpine skiing (60).   
 
 The more popular field explosive power measures have universally involved the 
vertical jump, repeated vertical jumps, or double - and single-leg bounding (2, 19, 38, 44, 
63, 64); overall jumping is the accepted method for power testing in skiing (37, 63). In 
1999, the US Ski Team Development team tested power and strength using vertical jump, 
a depth jump protocol, and a 3 rep maximum front squat (39).   
 
 More recently Patterson et al. (37) began testing power variables and bilateral 
force differences during loaded and unloaded squat jumps in members of the junior 
European Cup ski teams of the Austrian Ski Team.  Patterson et al. (37) consider this type 
of testing as one facet of a complex fitness evaluation as it closely simulates muscle 
actions used in skiing; its drawback is that it is difficult to reproduce in the club sports 
setting.   
 
Anaerobic & Aerobic Capacity 
 
 Many laboratory tests are used to correlate aerobic and/or anaerobic power to 
alpine skiing success even though they are not skiing specific.  For this reason von 
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Duvillard (60) suggests the use of field tests to provide empirical data to support 
physiological investigations.  One of the most used field tests is the 20m Multi Stage 
Fitness Testing (MSFT) to indirectly assess aerobic function in ski racing (2, 11, 64).  
The preference of the 20m MSFT is due to the small turn phases that are more applicable 
to the general aerobic environment of skiing, rather than the straight-line 12-min or 1 
mile run protocols that have previously been used (11).  The 20m MSFT was also used 
by the 1999 US Ski Team Development Team (39). 
 
 Field based anaerobic tests for skiers have included the repeated box jump for a 
duration of 60 or 90 seconds where the athlete continuously jumps over a 40cm box; the 
Hex test which involved revolutions around a hexagonal perimeter over railings of 
different heights on each side of the hexagon; subjects were timed (2, 44).  The study 
conducted by White et al. (63) utilized the 60s jump test where all subjects were 
instructed to bend their knees to 90 degrees between jumps and keep their hands on their 
hips and then performed as many vertical jumps as possible in 60s.  The 40 and 400m 
sprints were also included in the US Ski Team Medals Test for ski fitness although 
neither test has received much support or attention in literature (2, 63, 64).  A copy of the 
USST Medals Test score sheet for men has been included in the appendix on page 81.  
When distinguishing between results, anaerobic power tests appear to be better predictors 
of alpine ski performance (38, 63).   
 
Core Strength and Function 
 
 Past core testing procedures have included sit-ups with and without weight, push-
ups, back extensions with weight, and the 5 stage abdominal test (39, 51, 53).  Sit-ups 
without weight were counted as the number of complete sit-ups done in 60s (51).  Sit-ups 
using 25lbs for men and 10lbs for women were counted as the number of sit-ups 
completed (39).  The number of push-ups equalled the number of push-ups completed 
continuously, paying close attention that the chest touched the floor while keeping the 
legs and back in a straight line (51).  The back extension test was performed with 45lbs 
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for men and 25lbs for women and the number of back extension performed with weight 
were counted (39).   
 
 The 5 stage abdominal test performed in Canada has the athlete lie on flat on their 
back, hands at side, legs straight and toes pointing in.  The legs in this test must stay 
straight with heels on the ground throughout the test and the back must not arch.  Stage 1 
has the athlete keeping their hands at their side and then performing a sit-up.  Stage 2 has 
the athlete fold their arms across their chest with hands on shoulders and then sits up.  
Stage 3 has the athlete place their thumbs on their temples, hands behind head with 
elbows back and then the athlete sits up.  Stage 4 has the athlete holding arms and hands 
in an extended position with arms, hands in the same axis as the body.  The athlete must 
sit up without altering this position.  Stage 5 has the athlete perform the same exercise in 
stage 4 but adds a 5lb weight to increase difficulty (53).  This testing battery is the most 
similar to the current, 2006, USSA Physical Assessment core testing protocol.    
 
Miscellaneous Tests 
 
 Previous testing regimes in the late 1980s to early 1990s included a lateral vault 
test, single leg lateral vault test, and the Berg und Tal test (44) along with the other basic 
components of the US Ski Team Medals Test.  The lateral vault test consisted of 
completing 20 sideways jumps between two platforms while keeping ones feet together.  
Skill was determined by the total elapsed time needed to complete 20 jumps (44).  The 
single leg lateral vault test required the skier to complete as many sideways jumps 
between two platforms in 60s; skiers did not need to keep their feet together for this jump 
test (44).  The Berg und Tal test was an obstacle course composed of a center platform 
surrounded by eight smaller platforms of differing heights and distances from the center 
platform.  Each skier was required to complete two circuits of the course by jumping 
sideways with feet together from the center platform to an outer platform and back to the 
center until completing the entire course.  Total elapsed time was measured for each of 
the skiers four trials, twice jumping clockwise and twice jumping counter-clockwise (44).  
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 The current British Columbia Ski Association Physical Fitness Testing Protocol 
includes tests for agility, coordination, and balance.  The additional tests included in their 
testing battery include the Illinois Agility Run for agility and coordination and a balance 
test performed on a standard balance board where the athlete tries to balance on the board 
so it does not touch the floor during a 1 minute time frame (53).   
 
 The 1992 version of the US Ski Team Medals Test also contained a test for speed 
and agility, the shuttle run.  The shuttle run had the athletes starting from a standing 
position behind one of two lines 30 feet apart.  Behind the opposite line were two 2 x 2 x 
4 blocks of wood.  At the signal, athletes ran to the opposite line, picked up one block, 
and ran back.  They placed the one block on the ground behind the starting line and then 
ran back to get the other block to bring it back to the starting line.  This was a timed event 
and athletes were given two attempts to complete this task as quickly as possible (51).   
 
Previously Calculated Normative Data 
 
 To date there are no normative data tables for the entire new USSA Physical 
Assessment published and distributed in 2006.   While there is limited normative data for 
alpine skiers there has been one other normative table found by this investigator for the 
entire USST Medals Test and it dates back to 1992 (51).  The normative table for 1992 
contains recommended levels of fitness for the ages 13-19 years for the 40 yard dash, 440 
yard dash, 1 mile run, vertical jump, bench jump, push-ups, sit-ups, and the shuttle run 
(51).  A copy of the normative table is presented in the appendix on page 82.  
 
 Current tables include a partial table constructed by Bacharach et al. (5) using 
athlete data (n = 171) collected from the Central Division USSA (CUSSA) Physical 
Assessments .  In this study Bacharach et al. constructed quartile normative data tables 
for the 60s box jump and the 20m shuttle run used to predicted VO2max (5).  A copy of the 
normative table from Bacharach et al. (5) is presented in the appendix on page 80.  
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 In 2009, Bacharach used the normative tables to compare the current aerobic and 
anaerobic fitness levels of alpine skiers aged 13-20 years and found that most of the 
athletes tested did not meet predicted goals for each test (6).  It was concluded that 
current CUSSA athletes age 13-14 years, both girls and boys were lacking in anaerobic 
and aerobic fitness to optimize their potential for success in alpine ski racing (6).  On a 
positive note, Bacharach & Schilling (6) feel this data will motivate athletes to improve 
their physiological profile in order to meet a more competitive level of fitness.  
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CHAPTER THREE: METHODOLOGY 
 
Overview 
 
 In this study, the principle investigator was asked by United States Ski and 
Snowboard Association (USSA) administrators to analyze the age group physical 
assessment data collected during USSA camps and projects. Athletes attending 
development camps as part of their usual training and educational progressions were 
tested using a standardized battery of tests.   
 
 The physical assessment testing occurred across various locations across Western 
Region of USSA and was conducted as a regularly scheduled part of the camp curriculum 
by the project coaching staff.  The principle investigator oversaw the data collection and 
testing protocols to ensure validity, reliability, and accuracy of the assessment results.  
 
Subjects 
 
 Subjects are all junior alpine ski competitors licensed with the United States Ski 
and Snowboard Association (USSA).  All individual identifiers were removed by USSA 
staff prior to the analyses that were done as a part of this project such that no individual’s 
data was identifiable.  The current study contained 1319 junior alpine skiers aged 13 - 
19y (761 males and 558 females) whom were included in the data set provided to the 
principle investigator from USSA.  
 
Health and Injury Considerations 
 
 The data set includes notes on any illness or injury affecting the athlete's 
performance at the time of testing.  These notes allowed the data to evaluate and compare 
healthy athletes to injured or sick athletes.  Special considerations were paid to medical 
conditions, such as asthma, which are known to affect test results.  In the case of pre-
existing medical conditions, it was recommended that the athlete consult with their 
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physician and develop a consistent protocol for management that should be followed 
prior to both training and testing.   
 
 Prior to all training and testing it was recommended that all participants first 
consult a physician.  Athletes who were known to have recent or chronic or injuries or 
illness were directed to seek written clearance from a physician prior to resumption of an 
exercise program or undergoing the testing regimen set forth in this protocol.  USSA 
personnel prior to analysis of the performance data removed athletes with known medical 
conditions from the data set.     
 
Ethics 
 
 The data set was given to the principle investigator electronically in an Excel 
spreadsheet (Excel: Microsoft Corp., Redmond, WA) that contained only the test data 
and results.  The testing data included competition age, gender, height, weight, sit-height, 
flexibility, vertical jump performance scores, 20m shuttle run performance scores, core 
function scores, anaerobic box jump scores, and USSA national point rankings.  
Identification of any individual was not possible from the provided data.  Further, no 
individuals will be identified in any publication. See attached letter from USSA dated 
May 15, 2009 in the appendix on page 78.  
 
Procedures 
 
Descriptive Data Collection 
 
 Physical assessment results were recorded on a data sheet on site and then 
transferred and logged into a specifically designed Excel workbook with pivot tables 
(Excel: Microsoft Corp., Redmond, WA).  The USSA Western Region Development 
Manager maintains the Excel workbook so test-to-test performance for each athlete could 
be tracked over the individual athlete's career; this was done for the benefits of the 
athletes and coaches in order to provide improved feedback on testing results.  A sample 
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report has been included in the appendix on page 79.  Data was collected between the 
time period of June 2006 and October 2009 using the current USSA Level 1 Physical 
Assessment Protocol.  All measurements were recorded using the metric system.  
 
Current USSA Level I Physical Assessment Protocol 
 
 Athletes were assigned testing times in order to maintain small testing groups and 
ensure the accuracy, reliability, and validity of each testing session.  The physical 
assessment protocol required about three hours per athlete to complete.  In times of mass 
testing, coaches were placed in stations in groups of two to three coaches depending on 
the test involved.  Athletes were placed into groups of 6-8 athletes and the starting times 
were staggered 20 minutes between each group.   Athletes were required to check in with 
registration at their assigned testing time and location with no prior warm-up.  At the 
beginning of each testing session athletes were welcomed to the testing session and given 
a general introduction to the physical assessment test.  Athletes were encouraged to 'give 
it their all' at each testing session in order to gain the most benefit from participation in 
the evaluation and to correctly evaluate their current fitness levels (47). 
 
Anthropometrical Measurements 
 
 Prior to any warm-up basic anthropometrical measurements including height, sit 
height, and body mass were completed.   
  
 Height (HT) 
 
  Height was measured using a stadiometer when available or a steel tape 
with a headboard to maintain a 'true horizontal plane' by verifying a right angle to the 
vertical plane with each measurement taken.  Subjects were required to be barefoot with 
the subject's heels, buttocks, and upper back resting against the ground.  Subject was 
instructed to look straight ahead and positioned so that the lower edge of the eye socket 
was horizontal to the highest point of the ear (Frankfort plane).   Subjects were instructed 
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to take a deep breath, while one measurer applied gentle upward pressure to the jaw at the 
mastoid process.  The other measurer checked that the subject's heels remained on the 
floor and the head remained in the Frankfort plane.  The headboard was then lowered 
firmly down in contact with the vertex (highest point of the skull).  The subject's height 
was recorded to the nearest 0.1cm (54). 
 
 Sit Height (SHT) 
 
  Sit height was measured using a stadiometer when available or a steel tape 
with a headboard to maintain a 'true horizontal plane' by verifying a right angle to the 
wall with the stadiometer or steel tape and wriggle in so that their coccyx is as close to 
the junction of the floor and the wall as possible.  Subjects were instructed to sit up as 
straight as possible with their lower body resting against the floor and upper body resting 
against the wall, legs outstretched with knees straight.  Subjects were instructed to look 
straight ahead and were positioned so that the lower edge of the eye socket was 
horizontal to the highest point of the ear (Frankfort plane).  Subjects were instructed to 
take a deep breath, while one measurer applied gentle upward pressure to the jaw at the 
mastoid processes.  Other measurer checked that the subject's buttocks remained on the 
floor and their head remains in Frankfort plane.  The headboard was then lowered firmly 
down in contact with the vertex (highest point of the skull).  The subject's sit height was 
then recorded to the nearest 0.1cm (54).  
 
 Body Mass (BM) 
  
  Subjects body mass was measured using an electronic scale (Tanita BC-
550T Tokyo, Japan).  Calibration of the scale was completed at the start of each day 
using a 5kg weight plate in order to maintain the accuracy of the measurement.  The scale 
was placed on a hard, level surface.  Subjects were instructed to wear light clothing, be 
barefooted, and to evenly distribute their weight on both legs.  Body mass was recorded 
to the nearest 0.05kg (54).  
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Flexibility 
 
 Flexibility was measured immediately after the anthropometrical measurements 
and before the first standardized warm-up. 
 
 Sit and Reach (S & R) testing procedures 
 
  The sit and reach test was measured using a SA 'sportech' sit and reach 
box or equivalent with 'zero' set at the toes, any point reached prior to the toes was 
measured as negative score, and any point reached past the toes was measured as a 
positive score.  The sit and reach box was placed against a wall and subjects were 
instructed to sit, barefooted, with sole of both their feet flat against the front of the box.  
The subjects were required to keep legs straight with the back of the knees flat on the 
floor, and then they placed one hand over the other so the fingertips of both hands 
remained level.  Subjects reached slowly forward as far as possible without jerking and 
held this position for a minimum of three seconds until directed to relax.  As the subjects 
performed each trial one measurer placed their hands above the subject's knees to ensure 
that the legs remained straight but the tester did not hold the knees down.  The other 
measurer counted to three seconds and then recorded the measurement.  This process was 
repeated three times and the distance reached on the best trial was recorded to the nearest 
0.5cm (54).  
 
1st Standardized Warm-up 
 
 The first standardized warm-up was completed at the end of the anthropometrical 
and flexibility measurements supervised by two staff members, one staff member led the 
group and the other watched and corrected exercise form when necessary for injury 
prevention.  The standardized warm-up lasts between 20-30 minutes and consists of 10 
minutes of aerobic work (jogging or running); 20 yards forward and backwards lunges; 
20 yards forwards and backwards lunges with 3kg medicine ball wood choppers, wood 
choppers are performed by holding the medicine ball above the head on either the right or 
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left side of the head with the movement starting with the medicine ball traveling across 
the trunk of the body to the opposite side while the athlete performs a lunge.  As the 
athlete comes up from the lunge position the medicine ball travels back to its starting 
position until it reaches the top when the ball is switched to the opposite side of the head 
and then the exercise begins again.  The next set in the warm-up involves 20 standing 
wood choppers each side; 20 back extensions; 10 side ups each side; 10 minutes of 
dynamic warm-up and stretching; and a jump progression of 5 jumps in 3 sets with 
increasing intensity from bouncing to jumping.  All athletes were encouraged to hydrate 
and check their clothing and footwear after the warm-up prior to the start of the next 
testing section (54).  
 
Core Function and Strength - Seven stage sit-up (7LSU) testing procedures 
  
 Core function was measured using the seven stage sit-up and was performed on a 
thin yoga style mat or hard surface.   The subject was instructed to lie supine on the floor 
or mat, with their bare feet and back flat on the floor and knees raised so that their tibia 
and femur were at 90 degrees (a square was used to establish the angle). This position 
was maintained as   throughout the sit-ups.  For all test levels the subject were asked to 
tilt their pelvis back to flatten the lower back onto the floor.  They were then asked to 
smoothly flex the trunk in a controlled manner until the requirements of the level being 
executed were completed.  After the execution of each level the subject returned to the 
starting position.  The subject completed each level in sequence until they failed.  The 
last successful level was recorded as that achieved by the subject.  An attempt was 
considered unsuccessful if the subject displayed poor technique during a sit-up by a) 
lifting either heel off the floor; b) jerking forward quickly in order to create momentum to 
lift the body off the floor; c) throwing the arms or head forward, moving arms from the 
nominated position; d) lifting hips from floor; e) failing to maintain a 90 degree knee 
angle; f) being unable to complete the sit up (54).   
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 Levels 1-7 of the core function test  
 
 Level 1, subject placed both arms relaxed by their sides, and performed a pelvic 
 tilt with their back flattened on the floor.  
 
 Level 2, subject performed a sit-up with both arms relaxed by their sides, bringing 
fingers to touch the heels, while the feet were held.   
 
 Level 3, subject repeated the level two protocol without the feet being held.   
 
 Level 4, subject flexed arms across abdomen, hands gripping opposite elbows, 
then flexed the trunk to perform a sit-up until the back of the forearms touched the 
thighs; feet were required to maintain full contact with the floor and forearms 
must maintain contact with the abdomen throughout the movement.   
 
 Level 5, subjects arms were flexed behind the head, with hands gripping opposite 
shoulders, subject flexed the trunk to perform a sit-up until the chest touched the 
thighs; feet were required to maintain full contact with the floor throughout the 
movement.   
 
 Level 6, subject flexed arms behind the head with hands gripping opposite sides 
of a 2.5kg weight disc held behind the shoulders, subjects then flexed the trunk to 
perform a sit-up until the chest touched the thighs; feet were required to maintain 
full contact with the floor throughout the movement.   
 
 Level 7, subjects arms were flexed behind the head with hands gripping opposite 
sides of 5kg weight disc held behind the shoulders, subjects then flexed the trunk 
to perform a sit-up until the chest touches the thighs; feet must maintain full 
contact with the floor throughout the movement (54). 
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Strength and Power - Vertical Jump (VJ) 
  
 Strength and Power was measured using A Vertec™ (Questec Corp.) to measure 
vertical jump height during all testing sessions.  The Vertec™ is a vertical jump-testing 
instrument constructed of a steel frame with a set of horizontal vanes that can easily be 
moved, rotated out of the way by the hand to indicate the height reached.  Each vane is in 
1/2" increments, and the height of the vanes is adjustable from 6 to 12 feet.  The 
Vertec™ was checked prior to the start of the testing session to ensure no slats were 
damaged or bent.  Subjects who reported recent or chronic back pain, recent injury, or 
surgery to shoulders, hips, knees, or ankles were excluded from the test (54).  
 
 Subjects began the testing session by standing directly under the slats with heels 
on the ground and dominant arm, shoulder, and fingers fully extended touching the 
highest slat.  The measurer squared the shoulders of the subject and stretched the 
extended arm to its full length.  This was the athlete's standing reach.  The Vertec™ was 
raised to set this point as zero and the moveable slats were also moved away to within the 
athletes expected jumping height range.  The athlete jumped using a counter movement 
(down-up motion) without taking a step, touching the highest slat possible.  Three 
subsequent trials were performed with the best measurement recorded to the nearest 
0.5cm (54). 
 
 Peak power and average power were calculated using the multiple regression 
equation developed by Johnson and Bahamonde (23) which takes into account the 
counter movement jump action involved in the current testing protocol. 
 
 Peak Power (W) = (78.6 x VJ(cm)) + (60.3 x mass (kg)) - (15.3 x height(cm)) -  
          1245. 
 
 Avg. Power (W) = (43.8 x VJ(cm)) + (32.7 x mass (kg)) - (16.8 x height(cm)) +  
          721. 
 
 31 
Aerobic Fitness 
 
 Aerobic fitness was evaluated using the 20m shuttle run protocol (Australian 
Sports Commission (ASC), 2004). The shuttle run area was set up on a flat, non-slip 
surface at least 30m in length, with the width determined by the number of athletes.  
Subjects were spaced approximately 1-1.5m apart.   The marker or end points were 
marked with both tape and cones to denote the start and finish of the 20m shuttles.  
Observers were located at each of the 20m end points with a recorder in the center to 
observe.  The shuttle run was administered using a pre-recorded script stored on a 
compact disk (CD).  The CD was calibrated to check the timing (speed of playback) prior 
to the start of each testing session and to the shuttle length was adjusted relative to the 
speed of the CD if the CD was used.  For the testing in this project, the 20m shuttle run 
CD was transferred to Apple iTunes™ (Cupertino, CA) and then onto an Apple iPod™ 
(Cupertino, CA) which was plugged into a set of portable speakers.  When using the 
Apple iPod™ no adjustment in shuttle length was needed per the guidelines presented in 
the calibration instructions (3).   
 
 To start, the athletes stood at the starting end and waited for the 20-second 
countdown until they heard the triple beat which indicated the start of the testing session.  
The aim was to run for as long as possible along the 20m track and back, by pacing 
themselves so their arrival at an end coincided with a single beep.  They were only 
required to place one foot on or over the 20m mark before turning, if they fell short and 
behind the pace set by the beeps, that is, they could not make it to an end before the beep 
sounded, their test was over and their result was the last level called and the shuttle 
completed prior to dropping out.   
 
30 minutes recovery post 20m shuttle run test 
 
 After the completion of the 20m shuttle run the athletes were given a 30 min 
recovery break prior to starting the second warm-up session and the last test contained in 
the testing battery.  During this time athletes were encouraged to hydrate and actively rest 
 32 
(i.e. -no lying or sitting around).  This time was often used as a good opportunity for a 
team building activity or a sports science chalk talk (47). 
 
2nd Standardized Warm-up 
 
 The second standardized warm-up took about 20 minutes to complete and was 
tailored to specifically prep the athletes for the anaerobic box jump test. The athletes 
started off with 5 minutes of jogging followed by 5 minutes of dynamic warm-up 
stretching, followed by a jump progression warm-up.  The jump progression warm-up is 
5 jumps in 1 set with increasing intensity from bouncing to jumping.  Athletes were 
encouraged to hydrate pre and post test (54).  
 
Anaerobic Fitness 
 
 Anaerobic fitness was evaluated using the 60s continuous box jump test. The box 
measures 40cm high, 50cm long, and 40cm wide.  A minimum of three observers were 
required for this test.  
 
 To start, the athlete stood on top of the box with their body facing the short side 
and having the long side on their left and right side of the body.  The other two spotters 
sat on the floor with their feet up against the box to ensure stability of the box during the 
test.  The athlete was instructed to try a couple of jumps to get a feel for the exercise.  
After the warm-up session the timer was started when the athlete was ready and started 
their first jump down to the ground.  The athlete had 60 seconds to complete as many 
jumps as possible laterally back and forth over the box facing the same direction for the 
entire duration of the test.  Each time the athletes landed on top of the box with both feet 
one box jump was recorded. The number of jumps was counted and recorded every 
twenty seconds including the last top touch on the box of each jump period (54).    
 
Cool down procedure 
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 At the completion of the test, athletes were directed straight to recovery and cool 
down to help avoid the 'heavy leg' syndrome associated with the anaerobic box jump.  
The cool down consisted of light aerobic activity to fully recover the legs such as 
spinning on a bike, pool exercise, or hot/cold therapy if available.  Athletes were also 
encouraged to hydrate and intake simple carbohydrate repletion during the cool down 
period that lasted between 15-20 minutes in duration (54). 
  
Data Analysis 
 
Means and standard deviations (SD) + for each test were calculated for each of the USSA 
competition age and gender groups including: J1 (17-19y), J2 (15-16y), and J3 (13-14y). 
Percentile tables were then created for each of the USSA age groups by gender.  Within 
age and gender groups, Pearson product moment of correlation coefficients (r) will be 
calculated to determine the relationship between USSA national point rankings and any 
of the physical assessment measures.  Analysis of covariance was used to adjust for age 
within each group when comparing USSA national point rankings to each test variable. 
Variables will include height (H), sit-height (SHT), body mass (BM), sit and reach 
(S&R), core function (CF), vertical jump (VJ), 20m multistage shuttle run (20m), and the 
anaerobic 40cm box jump.  To calculate the multiple regression equations for predicting 
performance in the speed (DH & SG), technical (GS & SL), and overall (DH, SL, GS, 
SG) events a stepwise multiple regression procedure was used.  All analyses were 
performed using SPSS software. 
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CHAPTER FOUR: RESULTS 
 
Descriptive Data 
 
 Descriptive Data (means + standard deviations) including age, height, body mass, 
body mass index are presented in Table 2 for junior female alpine skiers and Table 3 for 
junior male alpine skiers.   
 
 Figure 1 shows changes in anatomical characteristics (height, body mass and 
BMI) for female junior alpine skiers with increasing age (J3, J2, J1).  Height changes 
were minimal and non-significant between the older female J1 and J2 age groups.  
However, between the youngest and middle age groups (J3 to J2) there was a significant 
increase in height (F=16.07, p=0.00).  A significant change in body mass of 8.4kg was 
seen in females between the J3 and J2 age group (p=0.00) the change in body mass of 
2.2kg between the female J2's and J1's was non-significant (p=0.18).  BMI ratings for 
females increased from the J3, J2, to J1 age groups as expected, but were not adjusted 
using age percentile tables. The BMI data is not being used to evaluate junior alpine 
skiers. 
    
 Figure 2 illustrates the anatomical differences (height, body mass and BMI) 
between the male junior alpine skier age groups; J3, J2, and J1.  A significant (p=0.00) 
increase in height of 12cm occurred between the male J3 and J2 age groups; the height 
change between J2 and J1 was nearly significant (p=0.07) at 2cm.  A significant increase 
in body mass between the J3, J2, J1 age groups was noted for males (F= 161.33, J3-J2: 
12.4kg, p=0.00, J2-J1: 4.5kg, p=0.00).  BMI values for males increased from the J3, J2, 
to J1 age groups as expected, but were not adjusted using age percentile tables; the BMI 
data is not being used to evaluate junior alpine skiers. 
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Table 2. Descriptive Data: Female junior alpine skiers. 
 
 
 
 
Decimal Age 
(Years) Height (cm) Mass (kg) BMI (kg/M
2
) 
J3 13.7 + 0.6 161.0 + 6.0 52.4 + 8.2 20.0 + 2.4 
J2 15.66 + 0.6 165.0 + 6.0 60.8 + 7.1 22.4 + 2.9 
J1 17.71 + 0.9 165.0 + 6.0 63.0 + 7.4 23.2 + 2.8 
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Table 3. Descriptive Data: Male junior alpine skiers. 
 
 
 
 
Decimal Age 
(Years) Height (cm) Mass (kg) BMI (kg/M
2
) 
J3 13.8 + 0.57 165.0 + 9.0 54.3 + 9.74 19.8 + 2.5 
J2 15.7 + 0.6 174.8 + 7.3 66.2 + 10.2 21.7 + 2.9 
J1 17.6 + 0.8 176.8 + 6.8 70.8 + 9.3 22.6 + 2.4 
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Figure 1. Descriptive Data: Female junior alpine skiers. Error bars represent standard 
deviation.  Units on the Y axis represent age, height (cm), body mass (kg) and BMI. 
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Figure 2. Descriptive Data: Male junior alpine skiers. Error bars represent standard 
deviation.  Units on the Y axis represent age, height (cm), body mass (kg) and BMI. 
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Maturation  
 
 Descriptive data related to maturation can be found in Table 4 for females and 
Table 5 for males.  Data includes the results of a calculated chronological decimal age 
based on the regulations for competition in alpine skiing, a calculated age at approximate 
peak height velocity (APHV), and the calculated number of years from APHV.  In males, 
the differences in age from APHV were significant (F=13.19, J1-J2:p=0.00, J2-
J3:p=0.00); the change noted in years from APHV was also significant (F=650.57, J1-
J2:p=0.00, J2-J3:p=0.00). 
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Table 4. Descriptive Data: Female maturation statistics. 
 Age Years from APHV Age at APHV 
  
   Mean   ± 
stdev Min Max.   Mean   ± stdev Min Max   Mean   ± stdev Min Max 
J3 13.7 + 0.6 12.5 14.8 - 0.3 + 0.7 -1.9 1.5 14.0 + 0.6 12.8 15.8 
J2 15.7 + 0.6 14.5 16.7 1.02 + 0.7 -1.9 2.6 14.6 + 0.6 13.2 18.1 
J1 17.7 + 0.9 16.3 19.9 2.0 + 0.7 0.3 3.8 15.7 + 0.7 13.9 17.6 
In females, the differences in age from APHV were significant (F=236.86, J1-J2:p=0.00, J2-J3:p=0.00);   
the changes in years from APHV was also significant (F=376.28, J1-J2:p=0.00, J2-J3:p=0.00). 
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Table 5. Descriptive Data: Male maturation statistics. 
 Age Years from APHV Age at APHV 
     Mean   ± stdev Min Max.   Mean   ± stdev Min Max   Mean   ± stdev Min Max 
J3 13.8 + 0.6 12.5 14.8 -0.42 + 1.00 -8.4 2.25 14.2 + 0.9 12.5 22.4 
J2 15.7 + 0.6 14.4 16.8 1.37 + 0.83 -1.0 3.66 14.7 + 1.9 12.6 24.7 
J1 17.6 + 0.8 16.4 19.8 2.75 + 0.88 0.4 7.1 14.9 + 0.8 10.8 17.0 
In males, the differences in age from APHV were significant (F=13.19, J1-J2:p=0.00, J2-J3:p=0.00);       
the change noted in years from APHV was also significant (F=650.57, J1-J2:p=0.00, J2-J3:p=0.00). 
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Level 1 USSA Physical Assessment Protocol Data 
 
 Descriptive Data (means + standard deviations, and minimum and maximum 
values) for sit and reach, core function, vertical jump, peak power, average power, 
anaerobic box jump scores, maximal oxygen uptake, 20m shuttle run scores (level-
shuttle) are presented in Table 6a-c for junior female alpine skiers and Table 7a-c for 
junior male alpine skiers.  
 
Flexibility - Sit and Reach 
 
 Sit and reach scores significantly increased between the junior female age groups 
(F=13.15, J3-J2:p=0.00, J2-J1:p=0.05); this trend was repeated in the junior male alpine 
skiers (F=57.44, J3-J2:p=0.00, J2-J1:p=0.00).    
 
Core Function and Strength - Seven Stage sit-up (7SLU) 
 
 The mean score for core function in female alpine skiers across all age groups (J3, 
J2, J1) was 4 ± 1 level with no significant difference (F=0.77, J3-J2:p=0.69, J2-
J1:p=0.46).  The mean score for core function in male alpine skiers was 4 + 1 for the J3 
and J1 age groups and 4 + 2 for the J2 age group.  Significant differences were noted 
between the J1 and J2 age groups, no difference was noted between the J2 and J3 age 
groups (F=2.92, J3-J2:p=0.47, J2-J1:p=0.04).   
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Table 6a. Descriptive Data: Testing results female J1 alpine skiers. 
 N Minimum Maximum Mean + SD 
Sit and Reach (cm) 145 3.4 48.5 18.0 + 7.8 
Vertical Jump (cm) 134 27.9 68.6 48.0 + 7.5 
Peak Power (W) 131 2148.1 5304.9 3743.8 + 665.7 
Average Power (W) 131 156.0 1793.8 959.4 + 360.3 
Core Fxn (Level) 137 2.0 7.0 4.0 + 1.3 
Jumps 20s (#) 94 11.0 27.0 20.3 + 3.4 
Jumps 40s (#) 88 6.0 39.0 16.4 + 5.0 
Total Jumps (#) 122 4.0 69.0 46.9 + 10.6 
Estimated Max VO2  
          (ml/kg/min) 128 27.6 56.0 40.7 + 5.7 
20m (level-shuttle) 128 4-4 12-7 8-3 + 1.7 
 
 
Table 6b. Descriptive Data: Testing results female J2 alpine skiers. 
 N Minimum Maximum Mean + SD  
Sit and Reach (cm) 237 -8.8 36.5 16.2 + 6.8 
Vertical Jump (cm) 228 17.5 73.7 47.3 + 7.8 
Peak Power (W) 228 1222.2 5575.2 3555.7 + 731.4 
Average Power (W) 228 143.7 2045.0 860.0 + 398.8 
Core Fxn (Level) 236 1.0 7.0 4.0 + 1.0 
Jumps 20s (#) 164 10.0 28 19 + 3.0 
Jumps 40s (#) 161 5.0 44 15 + 5.0 
Total Jumps (#) 188 24.0 71 43 + 9.0 
Estimated Max VO2  
          (ml/kg/min) 210 26.8 59.3 40.3 + 5.6 
20m (level-shuttle) 210 4-0 13-8 8-0 + 1.6 
 
 
Table 6c. Descriptive Data: Testing results female J3 alpine skiers. 
 N Minimum Maximum Mean + SD  
Sit and Reach (cm) 166 -10.0 47.2 13.7 + 7.9 
Vertical Jump (cm) 163 25.4 61.0 42.5 + 7.2 
Peak Power (W) 162 789.9 4513.4 2728.0 + 706.0 
Average Power (W) 162 121.9 1386.1 434.5 + 371.4 
Core Fxn (Level) 167 1.0 7.0 4.0 + 1.4 
Jumps 20s (#) 143 6.0 25.0 16.2 + 3.7 
Jumps 40s (#) 141 4.0 23.0 12.0 + 3.6 
Total Jumps (#) 150 14.0 55.0 35.8 + 7.8 
Estimated Max VO2  
          (ml/kg/min) 155 26.8 60.2 40.4 + 6.2 
20m (level-shuttle) 156 3-4 13-13 8-0 + 1.8 
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Table 7a. Descriptive Data: Testing results male J1 alpine skiers. 
 N Minimum Maximum Mean + SD  
Sit and Reach (cm) 217 -13.0 39.0 13.4 + 8.2 
Vertical Jump (cm) 218 30.0 91.4 63.4 + 10.6 
Peak Power (W) 217 1806.0 8020.5 5267.9 + 1114.7 
Average Power (W) 217 764.4 4177.6 2569.4 + 598.6 
Core Fxn (Level) 217 2 7 4 + 1.5 
Jumps 20s (#) 149 11.0 37.0 23.7 + 3.8 
Jumps 40s (#) 145 8.0 28.0 20.4 + 3.8 
Total Jumps (#) 199 6.0 78.0 59.9 + 11.2 
Estimated Max VO2  
          (ml/kg/min) 211 12.6 62.7 48.3 + 6.8 
20m (level-shuttle) 211 4-0 15-0 10-6 + 1.9 
 
 
Table 7b. Descriptive Data: Testing results male J2 alpine skiers. 
 N Minimum Maximum Mean + SD  
Sit and Reach (cm) 312 -14.0 35.0 11.2 + 7.5 
Vertical Jump (cm) 311 24.0 86.4 57.8 + 9.0 
Peak Power (W) 309 3537.7 10663.7 7392.5 + 1113.0 
Average Power (W) 309 551.38 3328.7 1603.0 + 560.2 
Core Fxn (Level) 313 2 7 4 + 1.5 
Jumps 20s (#) 247 11.0 29 22.0 + 3.1 
Jumps 40s (#) 244 3.0 43.0 18.5 + 4.4 
Total Jumps (#) 284 13.0 101.0 55.0 + 11.0 
Estimated Max VO2  
          (ml/kg/min) 287 26.8 67.0 47.7 + 6.1 
20m (level-shuttle) 288 4-0 13-8 8-0 + 1.8 
 
 
Table 7c. Descriptive Data: Testing results male J3 alpine skiers.  
 N Minimum Maximum Mean + SD  
Sit and Reach (cm) 209 -16.0 22.5 5.9 + 6.6 
Vertical Jump (cm) 213 19.0 78.7 47.6 + 8.9 
Peak Power (W) 210 348.2 6711.3 3189.2 + 952.3 
Average Power (W) 210 215.5 2428.8 660.6 + 486.0 
Core Fxn (Level) 210 2.0 7.0 4.0 + 1.3 
Jumps 20s (#) 188 8.0 29 19.0 + 3.6 
Jumps 40s (#) 187 4.0 28.0 15.0 + 4.0 
Total Jumps (#) 198 16.0 68.0 44.0 + 10.0 
Estimated Max VO2  
          (ml/kg/min) 203 28.7 63.2 44.7 + 6.9 
20m (level-shuttle) 203 4-7 13-13 8-0 + 2.0 
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Strength and Power - Vertical Jump 
 
 Vertical Jump heights were similar between the J1 and J2 female age groups and 
different between the J3's and J2's (F=25.08, J3-J2: p=0.00, J2-J1: p=0.70).  Vertical 
jump heights increased with age in the junior male alpine skiers (F=155.5, J3-J2: p=0.00, 
J2-J1: p=0.00).  Peak power increased as the females matured (J3 females = 2728.04 + 
706.0W, J2 = 3555.7 + 731.4W, J1 = 3743.8 + 665.7W), (F=92.5, J3-J2: p=0.00, J2-J1: 
p=0.41).  Male peak power increased between the J3 and J2 age groups (J3 = 3189.2 + 
952.3W, J2 = 7392.5 + 1113.0W, F=980.6 p=0.00).  There was a decrease in peak power 
between the male J2 and J1 age categories (J2= 7392.5 + 1113.0W, J1 = 5267.9 + 
1114.7W, p=0.00).  
 
Aerobic Fitness - 20m Shuttle Run  
 
 VO2max was calculated using a linear relationship from the 20m Shuttle Run 
scores therefore showed a similar relationship between the age groups, as did VO2max. 
There were non-significant changes in VO2max across age groups for females. The mean 
VO2max ranges for females from 40.3ml/kg/min
-1
 + 6.2
 
at the J3 level to 40.7ml/kg/min
-1
 
+ 5.7 at the J1 level  (F=0.19, J3-J2:p=0.99, J2-J1:p=0.83).  VO2max increased from J3 
males (44.7ml/kg/min
-1
 + 6.9) to J2 males (47.7ml/kg/min
-1
 + 6.1, p=0.00) but non-
significantly between J1 and J2 males (48.3ml/kg/min
-1
 + 6.8, p=0.33). 
 
Anaerobic fitness - 60 second box jump 
 
 The anaerobic box jump scores, reported as the number of jumps achieved in 20 
seconds, 40 seconds, and total jumps completed in 60s for each gender and age group (J3, 
J2, J1).  The total number of box jumps completed in 60s increased with age in both 
genders (males: p=0.00, females: p=0.00).  However, the number of jumps completed at 
20s and 40s were similar for all age groups (J3, J2, J1) in both genders.  There was 
significant difference in the number of box jumps completed in the first 20s between J3 
and J2 females and no difference between J2 and J1 females (F=49.13, J3-J2:p=0.00, J2-
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J1:p=0.06).  Differences in the number of box jumps completed in the first 20s were 
noted in the J3, J2, and J1 age groups for males (F=87.3, J3-J2:p=0.00, J2-J1:p=0.00). On 
average, each age group decreased 3-4 jumps during the second 20s period compared to 
the first 20s.  The main difference between the age groups (J3, J2, J1) and genders is in 
the number of jumps completed in the time frame of 40s - 60s.  Within males, J3s 
completed 10.0 jumps, J2s completed 13.0 jumps, and J1s completed 17.0 jumps during 
the final 20s block of the test (J3-J2: p=0.00, J2-J1:p=0.00).  Female J3's completed 8.0 
jumps, J2's completed 9.0 jumps, and J1's completed 10.0 jumps during the final 20s 
block of the test (F=52.4, J3-J2:p=0.00, J2-J1:p=0.00).  
 
Percentile Rank Calculations 
 
 Tables 8a-c present the percentile rank calculations for females in the J3, J2, and 
J1 age categories.  Tables 9a-c present the percentile rank calculations for males in the J3, 
J2, and J1 age categories.  The data was calculated using the chronological age of all 
skiers with data within the age and gender group.  
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Table 8a: Percentile Ranks: J1 female alpine skiers.                
                          
    
Sit 
and 
Reach 
Vertical 
Jump 
(cm) 
Peak 
Power 
(W) 
Avg. 
Power 
(W) 
Core 
Function 
Box 
Jumps 
@ 20s 
Box 
Jumps 
@ 40s 
Total 
box  
jumps 
Est. 
VO2max 
(ml/kg/min) 
20m 
shuttle 
(level- 
shuttle)   
N Valid 145 134 131 131 137 94 88 122 128 128   
  Missing 0 11 14 14 8 51 57 23 17 17   
  Mean 18.0 48.0 3743.8 959.4 4.1 20.3 16.4 46.9 40.7 8-2   
  Std. Dev. 7.8 7.5 665.7 360.3 1.3 3.4 5.0 10.6 5.7 1-7   
  Median 17.0 48.3 3783.2 972.9 4.0 21.0 17.0 48.0 39.9 8-0   
  Minimum 3.4 27.9 2148.1 156.0 2.0 11.0 6.0 4.0 27.6 4-4   
  Maximum 48.5 68.6 5304.9 1793.8 7.0 27.0 39.0 69.0 56.0 12-7   
Percentiles 10 8.7 38.1 2674.2 383.3 2.0 15.0 9.9 34.0 33.6 6-0   
  20 12.8 40.6 3190.6 675.6 3.0 18.0 13.0 38.2 36.4 6-10   
  30 14.0 43.4 3511.6 833.4 4.0 19.0 14.0 43.0 37.1 7-0   
  40 15.5 45.7 3665.2 916.4 4.0 20.0 15.6 46.2 38.5 7-7   
  50 17.0 48.3 3783.2 972.9 4.0 21.0 17.0 48.0 39.9 8-0   
  60 19.0 50.8 3960.3 1072.9 4.0 21.0 18.0 50.8 42.4 8-9   
  70 20.3 52.1 4110.6 1155.1 5.0 22.0 19.0 53.0 43.9 9-3   
  80 22.0 53.3 4301.3 1257.7 5.0 22.0 20.0 56.0 45.2 9-6   
  90 26.0 58.0 4504.3 1391.8 6.0 24.0 21.0 59.0 48.1 10-7   
                          
                          
 48 
 
 
 
Table 8b: Percentile Ranks: J2 female alpine skiers. 
                  
                        
    
Sit 
and 
Reach 
Vertical 
Jump 
(cm) 
Peak 
Power 
(W) 
Avg. 
Power 
(W) 
Core 
Function 
Box 
Jumps 
@ 20s 
Box 
Jumps 
@ 40s 
Total 
box  
jumps 
Est. 
VO2max 
(ml/kg/min) 
20m 
shuttle 
(level- 
shuttle)   
N Valid 237 228 228 228 236 164 161 188 210 210   
  Missing 6 15 15 15 7 79 82 55 33 33   
  Mean 16.2 47.3 3555.7 860.0 3.8 19.3 15.0 43.2 40.3 8-0   
  Std. Dev. 6.8 7.8 731.4 398.8 1.4 3.2 5.2 9.3 5.6 1-7   
  Median 16.0 47.0 3598.7 859.6 4.0 20.0 15.0 43.0 40.5 8-0   
  Minimum -8.8 17.5 1222.2 -267.7 1.0 10.0 5.0 24.0 26.8 4-2   
  Maximum 36.5 73.7 5575.2 2045.0 7.0 28.0 44.0 71.0 59.3 13-8   
Percentiles 10 7.6 38.1 2563.2 356.2 2.0 15.0 9.2 30.9 32.9 6-0   
  20 11.3 40.6 2989.5 557.7 2.0 17.0 11.0 35.0 35.8 6-9   
  30 13.4 43.2 3236.4 701.4 3.0 18.0 12.0 38.0 37.5 7-3   
  40 15.0 45.7 3466.0 779.8 3.0 19.0 14.0 40.0 38.8 7-8   
  50 16.0 47.0 3598.7 859.6 4.0 20.0 15.0 43.0 40.5 8-2   
  60 17.5 49.5 3725.4 941.7 4.0 20.0 16.0 45.0 41.5 8-5   
  70 19.0 52.1 3840.7 1027.8 4.0 21.0 17.0 48.0 42.9 8-6   
  80 21.5 53.3 4186.9 1203.7 5.0 22.0 18.6 51.2 45.5 9-7   
  90 25.0 57.2 4513.2 1383.3 6.0 23.0 20.0 55.1 47.7 10-3   
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Table 8c: Percentile Ranks: J3 female alpine skiers. 
                  
                          
    
Sit 
and 
Reach 
Vertical 
Jump 
(cm) 
Peak 
Power 
(W) 
Avg. 
Power 
(W) 
Core 
Function 
Box 
Jumps 
@ 20s 
Box 
Jumps 
@ 40s 
Total 
box  
jumps 
Est. 
VO2max 
(ml/kg/min) 
20m 
shuttle 
(level- 
shuttle)   
N Valid 166 163 162 162 167 143 141 150 155 156   
  Missing 4 7 8 8 3 27 29 20 15 14   
  Mean 13.7 42.5 2728.0 434.5 3.9 16.2 12.0 35.8 40.4 8-0   
  Std. Dev. 7.9 7.2 706.0 371.4 1.4 3.7 3.6 7.8 6.2 1-10   
  Median 13.9 43.2 2770.0 448.6 4.0 16.0 12.0 36.0 40.2 8-0   
  Minimum -10.0 25.4 798.9 -521.9 1.0 6.0 4.0 14.0 26.8 4-4   
  Maximum 47.2 61.0 4513.4 1386.1 7.0 25.0 23.0 55.0 60.2 13-12   
Percentiles 10 4.0 32.4 1753.8 -86.5 2.0 12.0 8.0 25.1 33.6 6-0   
  20 7.5 35.6 2144.0 119.5 2.0 13.0 9.0 29.0 35.7 6-6   
  30 10.0 39.4 2273.6 223.8 3.0 14.0 10.0 31.0 37.1 7-1   
  40 12.0 41.9 2549.8 350.7 4.0 15.0 11.0 34.0 38.5 7-5   
  50 13.9 43.2 2770.0 448.6 4.0 16.0 12.0 36.0 40.2 8-0   
  60 15.3 45.1 2971.9 538.4 4.0 18.0 13.0 38.0 40.8 8-1   
  70 17.0 47.0 3148.9 657.4 5.0 18.8 14.0 40.0 42.4 8-6   
  80 18.8 48.3 3368.7 780.8 5.0 19.0 15.0 42.0 44.8 9-2   
  90 22.2 50.8 3585.9 908.8 6.0 20.6 17.0 46.0 48.0 10-2   
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Table 9a: Percentile Ranks: J1 male alpine skiers. 
                  
                          
    
Sit 
and 
Reach 
Vertical 
Jump 
(cm) 
Peak 
Power 
(W) 
Avg. 
Power 
(W) 
Core 
Function 
Box 
Jumps 
@ 20s 
Box 
Jumps 
@ 40s 
Total 
box  
jumps 
Est. 
VO2max 
(ml/kg/min) 
20m 
shuttle 
(level- 
shuttle)   
N Valid 217 218 214 214 217 149 145 199 211 212   
  Missing 5 4 8 8 5 73 77 23 11 10   
  Mean 13.4 63.4 5254.5 2563.0 4.1 23.7 20.4 59.9 48.3 10-5   
  Std. Dev. 8.2 10.6 1112.1 597.7 1.5 3.8 3.8 11.2 6.8 1-9   
  Median 14.0 64.8 5334.8 2588.6 4.0 24.0 21.0 62.0 49.0 10-7   
  Minimum -13.4 30.0 1806.0 764.4 2.0 11.0 8.0 6.0 12.6 3-8   
  Maximum 39.0 91.4 8020.5 4177.6 7.0 37.0 28.0 78.0 62.7 14-9   
Percentiles 10 3.0 49.5 3802.9 1766.7 2.0 20.0 15.0 44.0 40.3 8-0   
  20 7.8 54.6 4427.4 2106.7 2.6 21.0 18.0 50.0 42.5 8-8   
  30 9.5 58.8 4791.2 2270.6 3.0 22.0 19.0 56.0 45.5 9-8   
  40 12.5 62.2 5111.3 2464.7 4.0 23.0 20.0 59.0 47.6 10-3   
  50 14.0 64.8 5334.8 2588.6 4.0 24.0 21.0 62.0 49.0 10-7   
  60 16.0 66.5 5617.8 2752.9 4.0 25.0 22.0 65.0 50.5 11-0   
  70 17.0 68.6 5829.0 2844.6 5.0 26.0 23.0 67.0 51.9 11-5   
  80 19.0 71.1 6153.9 3034.5 5.0 26.0 23.0 69.0 54.0 12-0   
  90 21.6 76.2 6621.9 3315.2 6.0 28.0 24.4 72.0 56.5 12-10   
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Table 9b: Percentile Ranks: J2 male alpine skiers. 
                  
                          
    
Sit 
and 
Reach 
Vertical 
Jump 
(cm) 
Peak 
Power 
(W) 
Avg. 
Power 
(W) 
Core 
Function 
Box 
Jumps 
@ 20s 
Box 
Jumps 
@ 40s 
Total 
box  
jumps 
Est. 
VO2max 
(ml/kg/min) 
20m 
shuttle 
(level- 
shuttle)   
N Valid 312 311 304 304 313 247 244 284 287 288   
  Missing 12 13 20 20 11 77 80 40 37 36   
  Mean 11.2 57.7 7354.4 1582.7 4.2 22.1 18.5 54.5 47.5 10-0   
  Std. Dev. 7.5 9.0 1078.5 540.2 1.5 3.1 4.4 11.0 6.1 1-8   
  Median 11.3 57.2 7370.9 1610.6 4.0 22.0 19.0 56.0 48.0 10-3   
  Minimum -14.0 24.0 3537.7 -551.4 2.0 11.0 3.0 13.0 26.8 4-0   
  Maximum 35.0 86.4 10295.3 3103.8 7.0 29.0 43.0 101.0 67.0 15-12   
Percentiles 10 3.0 47.0 5925.8 880.7 2.0 18.0 13.0 40.0 39.3 8-0   
  20 5.3 50.8 6397.8 1117.1 3.0 20.0 15.0 45.0 42.5 8-9   
  30 7.0 53.3 6801.7 1313.3 3.0 21.0 17.0 49.0 44.5 9-5   
  40 9.5 55.9 7072.2 1420.3 4.0 21.0 18.0 52.0 46.8 10-0   
  50 11.3 57.2 7370.9 1610.6 4.0 22.0 19.0 56.0 48.0 10-3   
  60 13.0 60.0 7714.8 1760.0 5.0 23.0 20.0 59.0 49.3 10-8   
  70 15.0 62.2 7932.4 1849.8 5.0 24.0 21.0 61.0 50.8 11-2   
  80 17.0 64.8 8274.4 2010.0 6.0 25.0 22.0 64.0 52.5 11-8   
  90 20.9 68.6 8683.0 2289.5 6.0 26.0 23.0 67.0 54.3 12-1   
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Table 9c: Percentile Ranks: J3 male alpine skiers. 
                  
                          
    
Sit 
and 
Reach 
Vertical 
Jump 
(cm) 
Peak 
Power 
(W) 
Avg. 
Power 
(W) 
Core 
Function 
Box 
Jumps 
@ 20s 
Box 
Jumps 
@ 40s 
Total 
box  
jumps 
Est. 
VO2max 
(ml/kg/min) 
20m 
shuttle 
(level- 
shuttle)   
N Valid 209 213 210 210 210 188 187 198 203 203   
  Missing 7 3 6 6 6 28 29 18 13 13   
  Mean 5.9 47.6 3189.2 660.5 4.1 18.9 15.1 44.2 44.7 9-4   
  Std. Dev. 6.6 8.9 952.3 486.0 1.3 3.6 4.0 9.9 6.8 2-0   
  Median 6.5 47.0 3129.6 636.7 4.0 19.0 16.0 44.0 44.5 9-4   
  Minimum -16.0 19.0 348.0 -815.5 2.0 8.0 4.0 16.0 28.7 4-7   
  Maximum 22.5 78.7 6711.3 2428.8 7.0 29.0 28.0 68.0 63.2 14-12   
Percentiles 10 -3.0 36.0 1999.7 24.5 2.0 14.0 10.0 31.0 35.1 6-6   
  20 1.0 40.6 2417.7 252.3 3.0 16.0 11.0 35.0 39.5 7-9   
  30 3.0 43.2 2690.9 420.7 3.0 17.0 13.0 39.7 41.1 8-4   
  40 4.5 45.0 2926.6 518.1 4.0 18.0 14.0 41.0 43.6 9-0   
  50 6.5 47.0 3129.6 636.7 4.0 19.0 16.0 44.0 44.5 9-4   
  60 8.0 49.5 3335.0 741.5 4.0 20.0 16.0 46.0 46.7 9-10   
  70 9.5 52.1 3546.6 872.1 5.0 21.0 17.0 50.0 47.9 10-4   
  80 11.0 55.9 3968.6 1044.1 5.0 22.0 19.0 53.0 50.5 11-0   
  90 14.0 59.7 4518.6 1350.1 6.0 23.0 20.0 57.0 53.8 11-12   
                          
                          
 53 
 
 
Regressions - Predictive Equations 
 
 Simple linear regression equations were developed using multiple correlation-
regression for each age category in each gender using anthropometrical data (height, 
body mass), maturation data (decimal age, years from APHV, age at APHV) and the 
testing variables (sit and reach, vertical jump, peak power, average power, VO2max, 60s 
anaerobic box jump).  The correlation matrixes for each age group can be found in 
appendix pages 101-106.  Many of the individual test variables were strongly related; 
stepwise multiple regression models were calculated to account for covariates and to 
develop predictive equations using the best fit models.  The multiple regression equations 
can be found in the appendix pages 83-100. 
 
Best Model Stepwise Regression Equations 
 
 JI Male Age Group 
 
Technical Points 
= (Total box jumps x -1.649) + 196.59,  
   (F= 14.69, R
2
=0.111, SEE = 53.58pts, p=0.00). 
 
Speed Points 
= (Total box jumps x -1.39) + (years from APHV x 19.46) + 268.62,  
   (F= 6.679, R
2
=0.127, SEE = 61.87pts, p=0.00).   
 
Overall Points 
= (Total box jumps x -1.587) + 205.77, 
   (F= 12.89, R
2
=0.111, SEE = 52.67pts, p=0.00).    
 
  
 J2 Male Age Group 
   
 Technical Points 
 = (40sJ x -3.631) + (PP x -0.016) + (BD x -7.936) + (Age x -18.973) + (Cfxn x -
 4.626) + 717.240, 
  (F= 48.59, R
2
=0.409, SEE = 42.56pts, p=0.00). 
  *Jumps at 40s (40sJ), Peak Power (PP), Beep Decimal (BD), Core Function (Cfxn).  
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 Speed Points 
 = (H x 6.579) + (BM x -11.447) +(BMI x 18.661) + (LL x -20.724) + (Age x 
 61.709) + (Age @ APHV x -126.804) + (S&R x -0.253) + (VJ x 0.89) + (CFxn x 
 -1.908) + (20sJ x -1.792) + (40sJ x -2.331) + (TJ x -0.670) + (VO2max x 10.223) 
 + (BD x -36.819) + 1965.829, 
  (F= 6.729, R
2
=0.417, SEE = 48.09pts, p=0.00). 
  *Height (H), Body mass (BM), Leg length (LL), Approximate age at Peak   
  height velocity (APHV), Sit & Reach (S&R), Vertical jump (VJ), Core function (CFxn),  
  Jumps at 20s (20sJ), Jumps at 40s (40sJ), Total jumps (TJ), Beep decimal (BD).    
    
 Overall Points 
 = (PP x -0.086) + (TJ x -3.237) + (VJ x 6.984) + (VO2max x -4.543) + 906.112, 
  (F= 29.052, R
2
=0.494, SEE = 68.87pts, p=0.00). 
  *Peak Power (PP), Total box jumps (TJ), Vertical jump (VJ).  
   
 J3 Male Age Group 
 
Technical Points 
= (Average Power x 0.067) + 138.744,  
   (F= 6.894, R
2
=0.228, SEE = 55.96pts, p=0.02). 
 
Speed Points 
= (Core function x -39.553) + (Average power x 0.046) + 351.042,  
   (F= 9.033, R
2
=0.939, SEE = 15.007pts, p=0.04).   
 
Overall Points 
= (Age at APHV x -152.087) + 2390.047, 
   (F= 9.571, R
2
=0.632, SEE = 40.87pts, p=0.04).    
 
 
 J1 Female Age Group 
 
 Predictive equations for J1 females in the speed, technical, and overall points 
categories were unable to be calculated due to a lack of significant correlations 
between the variables in the present data; the entry was changed to 0.1 and removal   
to 0.2 in stepwise to adjust for the lack of significant correlations; this also failed to 
produce any predictive equations.  
 
     J2 Female Age Group 
 
Technical Points 
= (20sJ x -7.014) + (Age x -25.544) + (S&R x 1.570) + (BM x -1.972) + 
 (VO2max x -1.975) + 828.897,  
   (F= 22.676, R
2
=0.438, SEE = 36.63pts, p=0.00). 
  *20s box jump (20sJ), Sit and reach (S&R), Body mass (BM). 
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Speed Points 
= (Body mass x -2.597) + (20sJ x -4.525) + 429.390,  
   (F= 5.081, R
2
=0.97, SEE = 63.292pts, p=0.00). 
  *20s box jump (20sJ).   
 
Overall Points 
= (20sJ x -6.186) + (Body mass x -1.732) + 373.001, 
   (F= 12.14, R
2
=0.187, SEE = 42.197pts, p=0.00).    
 
       J3 Female Age Group 
 
Technical Points 
= (Age x -35.828) + 675.609,  
   (F= 3.046, R
2
=0.068, SEE = 68.96pts, p=0.09). 
   
Speed Points 
= (Core function x -24.267) + 333.241,  
   (F= 4.675, R
2
=0.250, SEE = 52.64pts, p=0.06). 
   
 
Overall Points 
= (Height x -1075.08) + 2130.649, 
   (F= 3.581, R
2
=0.190, SEE = 81.32pts, p=0.09).    
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CHAPTER FIVE: DISCUSSION 
 
 
 Sport training is typically undertaken with the intent to improve performance.  
Proper evaluation allows for identification of weakness, monitoring of progress, provides 
feedback, educates coaches and athletes, and predicts performance potential.  The use of 
objective evaluation based on science allows the coach and athlete to gain greater control 
in their preparation, accountability, and ability to objectively measure progress (31). The 
necessity to evaluate an athlete's fitness level applies to most complex sports, such as 
alpine ski racing.  Current physiological profiles of elite alpine skiers reveals the 
importance of muscular strength, power, anaerobic endurance, aerobic endurance, 
coordination, agility, balance, and flexibility (1, 14, 25, 28, 36, 37, 38, 42, 43, 46, 48, 50, 
52, 59, 61, 62, 63, 64).  Therefore, no singular feature can be used to judge the potential 
success of an alpine ski racer (2, 4, 11, 14, 25, 45, 63).  While there is adequate literature 
on elite alpine skiers there is limited reporting relating to fitness in junior alpine skiers or 
the validity of testing related to performance in junior skiers (4, 36, 52, 62).  Although 
fitness parameters have been previously been found to be poor predictors of performance 
in alpine skiing (4), a well conditioned musculoskeletal system may be able to better 
tolerate the demands of sport without failure or injury.  The volume of literature relating 
to physiological characteristics in junior alpine skiers is considerably limited (4, 36, 52, 
62).  The purpose of this study was to investigate the physiological and anatomical 
characteristics in junior alpine ski competitors in order to establish performance standards 
and percentile ranks for these athletes using the current USSA Physical Assessment 
protocol.  A secondary investigation involving the evaluation of the relationship of 
physiological characteristics and physical assessment scores to USSA point rankings to 
predict performance was included in this study.  
 
Percentile Ranks 
 
 An important aspect of this study was the establishment of a database to assist in 
monitoring the athletes' progress during their development years. This information and 
feedback can serve as a useful supplement to subjective coaching appraisals and athlete 
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motivation.  Percentile ranks can provide norm-referenced interpretation of an individual 
score within a distribution that often consists of scores from a comparable group of 
individuals.  Prior to this study normative data tables using the new USSA Physical 
Assessment testing protocol were unavailable with the exception of a set of quartile ranks 
tabulated by Bacharach et al. (5).  The research conducted by Bacharach et al. (5) 
contained a small number of junior alpine ski competitors aged 13-19y from both gender 
groups (n=171) from the Central Division of USSA (CUSSA).  Those quartile ranks were 
calculated for anaerobic and predicted aerobic capacities.  The current study contained 
1319 junior alpine skiers aged 13-19y (761 males and 558 females).  The statistical 
power of the current study allowed for the calculation of more precise percentile rank 
tables with cut points set at 10 percent for the entire USSA Physical Assessment testing 
battery for all age groups (J1, J2, J3) and genders.  
 
 Comparisons of the percentile tables created by Bacharch et al. (5) and the tables 
in the current study reveal minor differences between percentile ranks related to VO2max 
and anaerobic performance.  The recently completed normative tables have lower 
performance values in 10th and 90th percentile when compared to the tables from 
Bacharach et al. (5); both tables contain similar median values.  The quartile ranking 
from the Bacharch et al. (5) study is located in the appendix on page 80. 
 
 In 2009, Bacharach and Schilling (6) evaluated the recommended levels 
previously established by Bacharach et al. (5).  They concluded from their findings that 
several athletes (13-19y) failed to meet the goal standards previously established.  If the 
current study percentiles are used to evaluate the Bacharach and Schilling data a similar 
result is found.  As noted by Bacharach and Schilling (6) the young Central USSA 
athletes (13-14y) were lacking in anaerobic fitness when compared to similar aged peers 
in alpine skiing.  A number of older Central USSA athletes (17-19y) were also lacking in 
aerobic fitness.  
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 Using the USSA Physical Assessment, coaches and athletes now have an updated 
set of sport specific normative data tables by which a junior alpine athlete's fitness scores 
may be compared to other junior alpine ski competitors.   
    
Growth and Maturation 
 
 Functional knowledge about growth and development and the effect on training is 
necessary in order to effectively evaluate and adjust training programs (12, 24).  One 
novel aspect to this study involved the calculation of peak height velocity (PHV) and 
average age at APHV.  Estimations involved the subtraction of the sit height from the 
standing height to obtain a leg length measurement. This provides a starting point for the 
process of evaluating maturation in the junior alpine population.  This data can be used in 
future studies to investigate possible correlations of growth and development in relation 
to performance in the sport of junior alpine skiing. In general, somatic maturation is 
determined by assessing the time when PHV is occurring; this is when children are at 
their peak of their adolescent growth spurt.  Calculation of PHV requires a minimum 
measurement of the variables three times per year to be accurate (18, 32); in the current 
study measurements were typically only taken twice per year once in the spring and fall.  
    
 The current study reveals trend relating to growth and maturation.  The average 
APHV fell in a higher range between 14 -15.7 years for all age groups and genders when 
compared to a normal population.  This finding is atypical as APHV occurs between 11-
13y for females and 12-14y for males with large individual variation (10).  When 
reviewing the years from APHV data the females are closer to and further past APHV 
than the males in their particular age groups, confirming females tend to mature earlier 
than males.  The evaluation of this data suggests that the junior alpine skiers included in 
the testing database tend to mature later.  A more in depth study will be needed to more 
clearly define relationships between maturity and junior alpine athletes.   
 
 Growth and maturation changes can account for the between age groups variances 
seen in the current percentile tables.  It has been reported that maturation is directly 
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related to growth and fitness performance characteristics (24, 29, 35).  The range of 
variability between individuals of the same chronological age in somatic and biological 
maturation is accentuated around the adolescent growth spurt (24, 29, 35).  For example, 
muscle hypertrophy is limited in prepubertal children, but is more frequently observed 
from puberty onwards, and may reflect changes in circulating concentrations of growth 
and sex hormones (30).   
 
 Most sport-governing bodies revert to the use of chronological age for 
classification criteria; this is the case with the current study where age group 
classification was determined using current governing body classification rules and 
regulations for the sport of alpine skiing.  Despite the significant maturity related 
differences in height, body mass, strength, speed, power and endurance of junior athletes 
of identical chronological age, it remains the only accepted classification criterion at this 
point in time (12, 24, 29, 35).   
 
 The normative tables created in this study used chronological age to determine 
competition age groupings and are not adjusted for biological age and therefore do not 
take into account individual differences in maturation rates.   The current testing battery 
includes measurement for total height and trunk length.  Leg length was calculated and 
used in the estimation of APHV to estimate an athletes' maturity status (32).    
 
 In terms of age related performance norms junior athletes may be advantaged or 
disadvantaged due to their maturity status; this can be problematic because junior athletes 
can be grouped based on their chronological age and not their biological age, which may 
or may not match their chronological age.  This could have a considerable influence on 
intrinsic motivation to participate (24).  A short-term solution to account for varying 
maturity levels is to evaluate each athlete using their adjusted maturation age and 
comparing their test values to using the appropriate age group percentile table.  
Evaluation using the current normative data tables based on chronological age should 
seek to compare an individual's improvements over time versus athlete to athlete 
comparisons.  Education of coaches, athletes, and parents on the proper use of the current 
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percentile tables will be paramount and key for the proper evaluation of a developing 
junior athlete and should help athletes and parents understand why some skiers are 
behind in their test scores and performances.  One long-term solution involves the 
calculation of normative tables based on biological age versus chronological age; this has 
been previously suggested in literature related to fitness evaluation in maturing athletes 
(24, 29, 35).   
 
Flexibility 
 
 Young children tend to be flexible, but flexibility performance tends to decrease 
with age after puberty, especially in males.  This is presumably due to gains in muscle 
size, stature, and muscle strength, whereas females tend to remain flexible with 
maturation (9).  In the current study, flexibility increased in both genders significantly 
between the J3, J2, and J1 age groups.  In 1982, Song (45) discovered that national, 
divisional, and club skiers have better flexibility than non-athletes, this may be due to the 
hip flexibility required for skiing performance (45).   This is contradictory to previous 
research findings (9) and maybe a result of the focus on flexibility by most ski coaches.   
 
Previous research has determined that flexibility is not associated with ski 
performance (45).  It has been noted that above a minimum level of flexibility, 
performance of alpine skiers is not associated with further flexibility development (11).  
In the current study sit and reach performance was correlated to SL performance in J3 
males and J2 females (p<0.05) and the speed events for J2 males (p<0.01), this finding 
differs from previous research evaluating flexibility and ski performance.  However, 
flexibility was not significantly related to performance in most group:event relationships 
and our finding may be related to other covariates which we did not measure such as 
coaching emphasis or type II statistical errors.  Interestingly, Song (45) eluded to 
improvements in agility with dynamic flexibility exercises.  Poor agility can often be 
related to a lack of neuromuscular function, flexibility and strength.  SL performance 
demands a large contribution from agility (45).      
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Core Function and Strength 
  
 The seven level core function test serves as a graded test for abdominal strength.  
Each of the seven stages becomes progressively more difficult and the positions of the 
hands and arms are modified and weight added.  These modifications place increased 
stress on the abdominal musculature.  This test is dependent on the evaluators' ability to 
ensure correct form is maintained throughout the exercise.  An attempt to pass a level is 
marked unsuccessful if the athlete lifts a foot, whole or partial off the floor, uses 
momentum gained through jerky motion, moves arms from nominated position, lifts hips 
off the floor, does not maintain the 90° angle, or is unable to complete the sit-up.  
Essentially, the pass/fail rating for a level is left up to the evaluators' opinion as to what 
qualifies as excess motion.  The current study found very little difference between the age 
groups in performance; with an established mean score of 4 + 1.5 levels for most age 
groups which placed them in the 50th percentile using the current tables.  Core function 
was only related to female J3 performance in the speed events and not related to 
performance in any other age groups for any event. 
 
Strength and Power 
 
 The increase in vertical jump heights and power output performances with 
increasing age found in the recent study can be related to maturation factors including 
increased jump coordination due to motor skill development, muscle mass, and stature 
(23, 30). Jones et al. (24) suggests the effects of increasing stature and mass during 
puberty may have more influence on physical fitness performance in males and not 
females.  The current testing battery calls for the use of a countermovement jump.  Thus 
technique is important and the use of a proper arm swing and efficient coordination and 
utilization of elastic energy can increase take off velocity, vertical center of mass 
displacement, and thus power output and vertical jump height (23).  As athletes mature 
their ability to coordinate these movement patterns improves.  The extent of muscle 
development and performance depends on relative maturation of the nervous system and 
high levels of strength, power, and skill are impossible if the junior athlete has not 
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reached neural maturity. In general, myelination of nerve fibers does not occur until 
sexual maturation is achieved (10).   
 
 Body mass and the ability to jump high have been strongly related in populations 
of junior athletes (19, 24, 63).  This results in an advantage for the early developing 
males due to their greater lean muscle mass than their later developing male peers.  This 
benefit in early developing males is most evident during physical pursuits requiring 
strength, speed and power (24, 30).  A change in body mass of 8.4kg was seen in the 
current study between the female J2's and J3's whereas the body mass change between 
the J2 and J1 females remained insignificant at 2.2kg.  Vertical jump score changes 
mirrored body mass increases in females with noted significant differences (p<0.01) seen 
between the J3 and J2 females and non-significant differences (p>0.05) between the J1's 
and J2's.  Overall, vertical jump scores in both males and females fell within the vertical 
jump scores achieved by junior athletes in the late 1990's.  The mean vertical jump height 
of 63.4cm + 10.6 fell within a previous range seen at the US Ski Team Development 
team level of 55.9cm to 74.9cm (39).  Similar results were noted in female J1's, their 
mean vertical jump height of 48.0cm + 7.5 fell within the previous range seen at the US 
Ski Team Development team level of 43.9cm to 53.1cm (39).    
 
 In 1983, Shea (44) discovered the positive relationship between leg power 
measured by vertical jump and ski racing performance in juniors.  Irrespective of vertical 
jump height, peak power and average power increases were noted across all age groups 
for females.  In both genders and age groups, power increases between the J2 - J1 age 
groups was significantly related to years past APHV in the current study.  A similar 
pattern of increased peak and average power was recognized between the J3 and J2 male 
alpine skiers.  This pattern was not seen between the J2 and J1 age groups.  A decrease in 
peak power output was noted between the J2 and J1 male age groups possible as a result 
of outlier data in the J2 age group causing an overestimation in the peak power output 
calculation for J2 males.  The average power increased significantly (p<0.01) between the 
J3, J2, and J1 age groups, supporting the outlier theory relating to differences seen in 
peak power between the male age groups.  Overall, power should be trained and tested as 
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an independent fitness component to ensure that the skier has the requisite power needed 
for training and competition (37), especially at the J1 level.     
  
Aerobic Fitness 
 
  Trends in fitness testing data in children and adolescents have been reported by 
Harris and Cale (18).  In general, young people show a progressive, almost linear, 
increase in estimated VO2max with age, although some studies show that from about 14 
years, female estimated VO2max levels off.  When body size is appropriately controlled 
for, male estimated VO2 max levels increase through childhood and adolescence and into 
early adulthood, while females increase through puberty and then level off (18).  
Evaluations by Rowland (41) found small increases in aerobic power ranging from 5.8% 
to 10%.  It has been reported that concentrations of isocitric dehydrogenase (ICDH), are 
higher in children than typically found in adults and there is a lower ratio of ICDH to 
Phosphofructokinase-1 (PFK) suggesting children maybe preferentially adapted to 
aerobic metabolism (30) which might explain the smaller changes in aerobic capacity in 
junior alpine skiers.  In other words the training response may be blunted because there is 
less of a scope to improve the aerobic enzyme profile of muscle with training (30).  This 
theory was speculative due to limited data (30) changes in VO2max in children require 
further study.   
 
 In the current study, the estimated VO2max remained stable between all the 
female J1, J2, and J3 age groups (p>0.05).  In this study, average estimated VO2max 
levels for females range from 40.3 to 40.7 ml•kg
-1
•min
-1
. The VO2max levels reported for 
J1 females in this study fell at the low end of the range of VO2max scores reported in the 
late 1990's for the US Ski Team Development team junior women ranging from 43.9 
ml•kg
-1
•min
-1
to 53.0 ml•kg
-1
•min
-1
.  In the male groups a significant change of +2.8 
ml•kg
-1
•min
-1
was noted between the J3 and J2's (p<0.01). The increase could be a result 
of increases in mass and relative heart size (10).   A non-significant change (p>0.05) of 
+0.8 ml•kg
-1
•min
-1
was found between the J2 and J1 men despite significant 
anthropometrical changes, including increases in body mass between the J2 to J1 age 
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groups.  This result is contradictory to prior reports and is surprising as overall increase in 
cardiovascular function has been reported to be proportional to increases in lean body 
mass (10).  The mean VO2max levels in this study were lower than that reported by Song 
(37) 65.6 ml•kg
-1
•min
-1 
for J2 males of similar mass and stature.  The VO2max levels 
reported for J1 males in this study fell within the range of VO2max scores reported in the 
late 1990's for the US Ski Team Development team junior men ranging from 47.4 ml•kg
-
1
•min
-1 
to 59.8 ml•kg
-1
•min
-1
.    
 
Anaerobic Fitness 
 
 In general, anaerobic glycolysis tends to increase as children age.  The 
explanation for this pattern is unclear and requires further research (38).  Children do not 
show increments in blood lactate levels post anaerobic exercise training (30).  Ethical 
factors have limited the ability to quantify changes in muscle glycolytic activity at the 
cellular level in junior athletes (29, 30, 35) resulting in a lack of knowledge relating to the 
mechanisms responsible for the improvements seen in anaerobic fitness seen in children 
due to muscle size, fiber type, neurological and biochemical changes (30).    
 
 The current study data indicates an increase in anaerobic capabilities with age.  
The total number of anaerobic box jumps completed in 60s increased significantly 
(r=0.56:p<0.05) across age groups in both genders.  Increases in anaerobic capacity are 
positively correlated to the ability to develop power. In this study, vertical jump 
performance was significantly correlated to the number of box jump completed.  The 
current data found a positive correlation (r=0.xx, p<0.01) between the ability to develop 
power and the number of box jumps completed in all age groups for both genders.   
 
Prediction of Performance 
 
 Common sense states better performances will result from being more fit.  Fitness 
typically implies that there is a relationship between the task to be performed and the 
individual’s capability to perform the task (24).  In general, physical assessment is used 
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to evaluate and athletes' size, aerobic fitness, power, core strength, and flexibility.  As 
previously stated, proper evaluation can allow for the prediction of performance 
potential; this should be true of the current testing protocol in this study.  It is not the 
current belief of coaches that performance on the current USSA Physical Assessment 
protocol predicts future performance potential.  This portion of the study was undertaken 
as an investigative examination of the relationships between testing variables and 
performance.    
 
 The current USSA Physical Assessment involves the simple evaluation of basic 
anthropometrical, aerobic, anaerobic, flexibility, strength and power measurements in a 
field-test setting for club level athletes.  Previous studies have indicated that fitness 
parameters appear to be poor predictors of alpine skiing performance (4) mainly due to 
the complexity of the sport that involves high levels of technical skills, state of the art 
equipment technology, solid psychological attributes and physiological capacities (22).  
Previous research that has attempted to develop simple linear regression models is limited 
in junior alpine skiers.  Most findings indicated a failure to identify the physical 
determinants of alpine skiing performance due to numerous contradictions found between 
the studies (2, 4, 19, 22, 36, 63).  
 
 We used stepwise regression techniques within each age group to evaluate the 
ability of the current USSA Physical Assessment protocol to predict performance in 
technical events (average USSA points for slalom and giant slalom) and in speed events 
(average USSA points for super G and downhill). Lastly an overall grouping was 
calculated by averaging the USSA points for DH, SG, GS, and SL.  Impellizzeri et al. 
(19) found differing anthropometrical and physiologic profiles between skiers of different 
specialties (DH-SG vs. SL-GS) suggesting different competition demands, necessitating 
the separate analysis of the specialty groups.  The predictive equations are reported in the 
results section.  
 
The evaluation and application of the prediction equations should be used with 
caution with careful consideration of the many factors, skill and equipment being 
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foremost, in the complex sport of alpine skiing (13, 15, 22, 47).  Additionally, the current 
data set was collected using field testing (25, 42, 63) of a very heterogeneous subject base 
of junior athletes at or near peak height velocity (31, 35, 36, 54) with a large variance in 
APHV.     
 
While we found a number of reasonable regression equations relating test data to 
performance, often in agreement with previous research, it should be noted that the 
standard estimation of error in our equations is quite high.  Average standard estimation 
errors ranged from 15.00 points to 81.32 points.  In a practical real world application a 
15.00 point difference between athletes is considerable.   
 
Finally, we found no predictive equations for J1 females in the speed, technical, 
or overall points categories.  This is the oldest age group most likely to be progressing 
toward developmental or national teams.  The inability to find any models to predict 
skiing performance from the test data suggests that other variables such as technique, 
tactics, equipment, waxing and preparation, socioeconomic status, quality of coaching, 
access to training or other variables are much more important.  
 
Speed Performance     
 
 For J1 males, predictive performance factors in the speed events included 
anaerobic power, total number of box jumps, and maturation age (r
2
=0.13).  Male J2 
predictive factors included height, body mass, BMI, leg length (maturation age factors of 
decimal age and age at APHV), sit and reach, vertical jump height, core function, 
anaerobic power, total number of box jumps, and maximal oxygen utilization (r
2
=0.42).  
Song (45) and Shea (44) found a similar, strong relationship between leg length, height, 
body mass, and performance in junior alpine skiers.  The current correlations also concur 
with findings by Haymes and Dickinson (19) where VO2max scores correlated with FIS 
DH point (r=-0.66) and Song (45) who found a significant correlation between DH 
performance and VO2max in J2 males.   Male J3 predictive variables included core 
function and average power (r
2
=0.94).    
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 No models were found for the speed events for J1 females.  Females J2 
predictors included body mass and 20s box jump performance (r
2
=0.97).  For J3 females 
only core function was related to speed performance (r
2
=0.25).   
 
Reoccurring themes in this data set shows performance in speed events is related 
to body mass, anaerobic power, maturation, age, and core function.  In general, larger 
body masses tend to perform better in the speed events (19).   
  
Technical Performance 
 
 For males, predictive performance factors in the technical events included 
anaerobic power for both J1 and J2 males.  At the J2 level, age, core function, peak 
power, and 20m shuttle run performance were included in the equations (r
2
=0.41).  In J3 
males, only average power was included in the predictive equation (r
2
=0.44).    
 
 No models were found for the technical events for J1 females.  For J2 females 
predictive tests included the 20s box jump test, age, flexibility, body mass and estimated 
VO2max (r
2
=0.44).  In the J3 females age was related to performance (r
2
=0.01).   
 
 Reoccurring themes point to the importance of power, aerobic and anaerobic 
capacity relating to performance in the technical events of GS and SL.  Similar findings 
were made by Andersen and Montgomery (2) where a significant correlation to GS was 
reported in the 90s 40cm box jump, vertical jump, and the 20m shuttle run.  Haymes and 
Dickinson (19) noted that VO2max and vertical jump were important determinants in 
predicting performance in SL and GS in US Ski Team men.   
 
  A strong correlation between performance and age was only noted at the J3 and 
J2 levels mainly due to the large changes occurring with maturation.  The changes 
between the J2 and J3 levels can be related to maturation.  It was noted in a review by 
Jones et al. (24) that at a given skeletal maturity, chronological age variation maybe 
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considerable, emphasizing that chronological age and skeletal maturity very rarely 
progress at the same age.  Within a given chronological age group such the as J2's and 
J3's, some athletes maybe advantaged or disadvantaged in performance with respect to 
physical fitness testing due to their maturity status, especially when comparing to age 
specific norms (24).     
  
Overall Performance  
 
 For J1 males only the total number of box jumps was a significant predictor of 
performance (r
2
=0.11).  In the J2 male classification, significant correlations included 
peak power, total jumps achieved in the anaerobic box jump, and estimated VO2max 
(r
2
=0.49).   Overall performance for J3 males was related to age at APHV (r
2
=0.63).     
 
In females, overall performance was related to the 20s box jump and body mass in 
J2's (r
2
=0.19) and height in J3's (r
2
=0.19).    
 
 Overall skiing performance in junior alpine skiers appears to rely on the strong 
correlations between power, anaerobic and aerobic capacities.  Past testing batteries that 
included the 90s box jump test, the hex test, vertical jump test, long jump test, standing 
broad jump test, body mass, height, and leg length measurements also showed strong 
correlations to performance in junior alpine skiers (45).  Shea (44) found strong 
correlations between the vertical jump test and the 90s box jump test and performance 
(r
2
=0.79).  While White and Johnson (64) identified strong correlations between tests of 
anaerobic power, including relative and absolute power calculated from vertical jump 
performance using the Lewis equation.  
  
 From previous discussions it is well noted that maturation plays a key role in the 
development of power, anaerobic and aerobic capacities in junior athletes.  It was 
surprising to note that the only correlation relating to overall performance and maturation 
was made in the J3 males but not in J3 women or either gender of J2 age groups as 
previously noted in the speed and technical equations.   
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Practical Application of Predictive Equations 
 
 Since first documented by Karlsson et al. (25), the physiological characteristics of 
alpine skiers prove to exhibit a blend of anthropometrics, aerobic and anaerobic 
capacities, muscle fiber types, strength, power, flexibility, agility, coordination and 
balance (4).  The complexity of the sport makes it difficult to indentify one single feature 
related to the potential success of a junior alpine skier (4).  
 
 As previously mentioned, the SEE for most equations was large relative to the 
large performance differences between individuals with small differences in USSA 
points.  This large SEE suggests that the use of multiple regression equations to predict 
performance, based on the current USSA Physical Assessment protocol may be of little 
value.  Furthermore, there is little consistency in the predicting variables across age 
groups even within gender.  This further suggests that the current USSA Physical 
Assessment protocol test results do not predict future performance. 
 
 Previous studies have failed to consistently determine the most important 
physiological attributes related to performance (4, 13, 20, 27, 36, 37, 50, 63).   For 
example, Brown and Wilkinson (11) showed that maximal oxygen consumption did not 
discriminate between the skiers of different levels.  Similar findings reported by White et 
al. (63) and Haymes and Dickinson (19).  In contradiction, Song (45) and Veicsteinas 
(57) reported a high correlation between aerobic capacity and alpine ski performance.  In 
the current study, aerobic capacity was a recurring variable in the predictive equations for 
only the J2 age groups.  Differences within this age group are most likely related to the 
effects of maturation with the more mature/developed J2 athlete experiencing increased 
performance due to the physiological changes that occur with normal growth and 
maturation and which are covariates of VO2max.   
 
 The finding in this study and the previously mentioned studies relating to aerobic 
capacities is similar when compared to recent findings made by Neumayer et al. (36) and 
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Maffiuletti et al. (27) reported in 1998, a strong correlation between VO2max and 
international world ranking in male speed event skiers. This relationship was not found in 
male or female technical skiers, nor was speed finding repeated in the following year’s 
data.   
 
 The inability, to date, to generalize the results relating aerobic power to speed 
event performance within a broad spectrum of alpine skiers leave us without sufficient 
evidence to prove the importance of aerobic power for alpine ski performance.  In 
contrast, a high aerobic capacity is essential for several reasons including: 1) meeting the 
predominant energy demands of training and competition, 2) providing a fast and 
sufficient recovery in the short intervals between races or training runs, and 3) to sustain 
overall stress of a long racing season lasting between 4-5 months (22).   
 
 However, aerobic capacity was a recurring variable in the predictive equations 
found in the current study and the importance of aerobic fitness should not be discounted.  
 In 1993, White and Johnson (64) reported significant correlations (r >0.85) 
between alpine ski performance and average and relative work during the 60s repeated 
jump test, absolute and relative power for the vertical jump test, the maximal 30s 
Wingate test, and fat free mass in both males and females.  Similar to pervious findings 
(4, 29, 50), Brown and Wilkinson (11) found superior muscular leg strength, muscular 
endurance and anaerobic power as measured by the box jump and vertical jump tests to 
be a good predictor of alpine ski performance.   
  In the current study, the total number of box jumps scored in 60s, 40s, and 20s 
was used more than any other variable in the predictive equations.  The 60 second box 
jump test is one of the most widely used tests when evaluating fitness levels in alpine 
skiing.  Coaches have long believed that the anaerobic endurance requirements and 
simulated ski position used in this test are similar to the demands of Alpine ski racing.  
Evaluations or tests that use more realistic performance measures that better simulate the 
demands of actual competition should improve the prediction of performance.  Based on 
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the regressions equation in the current study, the box jump performance measure appears 
to be one of the best predictor of alpine ski performance in junior alpine skiers.   
  
Practical Significance 
 
 The main purpose of this study centered on the development of normative table 
for the USSA Physical Assessment protocol.  A set of age group tables was created for 
both males and females in the J1, J2, and J3 age groupings.  These normative tables 
provide a description of the current physical characteristics of junior alpine ski 
competitors using the current physical assessment testing battery.  A limitation is the use 
of chronological age to establish age groupings versus biological age, which takes into 
account growth and maturation.   
 
 The current study showed that changes in the anatomical and physiological 
characteristics of junior alpine skiers are related to the changes seen with maturation and 
can be widely varied.  This supports the need for further research related to growth and 
development of junior alpine skiers along with the development of age-adjusted 
normative tables to account for the variances.  This study is one of the few to attempt to 
describe the anatomical and physiological characteristics in junior alpine skiers and then 
related these characteristics to performance (2, 11, 19, 45).   
 
 Predictive equations were calculated to evaluate the relationship of the variable 
included in the current testing protocol to alpine ski performance.  While the SEE is 
higher than desired, this study found significant correlations between performance in 
junior alpine skiers and maturation status, power, anaerobic and aerobic capacities.   
  
 Further research is required to calculate normative data for junior alpine skiers 
relating to chronological age versus biological age.  Longitudinal studies will be needed 
to evaluate change over time in junior alpine skiers to evaluate the effectiveness of the 
testing battery while evaluating the maturity changes in junior alpine skiers.  Lastly, 
future research should evaluate the performance of current US Ski Team Development 
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team junior alpine racers using the current physical assessment.  This will provide older 
junior athletes with a standard that relates to high performing athletes in their age group, 
mainly the J1 age groups. 
 
Summary 
 
 Using the USSA Physical Assessment, coaches and athletes now have an updated 
set of sport specific normative data tables based on scores achieved by junior alpine ski 
competitors.  Training for junior alpine skiers should continue to include aerobic fitness, 
anaerobic power and endurance, power, flexibility, coordination, and agility.  This will 
promote the proper development of stamina, strength, speed, suppleness and skills and 
this will enhance the effects of on snow technical training and performance.  
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1992 Medals Test Women Normative Table 
Event 12-13 yrs 14-15 yrs 16-18 yrs 19+ yrs 
40 yard dash 6.9 sec 6.3 sec 5.8 sec 5.6 sec 
440 yard dash 78.0 sec 72.0 sec 71.0 sec 70.0 sec 
1-mile run 7:00 min 6:45 min 6:10 min 6:00 min 
Vertical jump 43.2 cm 45.7 cm 48.3 cm 50.8 cm 
Bench jump 75 90 95 105 
Push ups 25 40 43 46 
Sit ups 45 52 54 58 
Shuttle run 10.0 sec 9.7 sec 9.3 sec 9.0 sec 
 
1992 Medals Test Men Normative Table 
Event 12-13 yrs 14-15 yrs 16-18 yrs 19+ yrs 
40 yard dash 6.0 sec 5.5 sec 5.2 sec 5.0 sec 
440 yard dash 70.0 sec 72.0 sec 64.0 sec 60.0 sec 
1-mile run 6:35 min 5:55 min 5:35 min 5:25 min 
Vertical jump 45.7 cm 58.4 cm 60.9 cm 63.5 cm 
Bench jump 80 95 100 115 
Push ups 30 50 55 60 
Sit ups 48 53 55 60 
Shuttle run 9.8 sec 9.2 sec 8.9 sec 8.5 sec 
 
US Ski Team Medals Test Standards for Age Groups (51). 
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J1 Male Best Model Stepwise Regression Equation - Speed Events 
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J1 Male Best Model Stepwise Regression Equation - Technical Events 
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J1 Male Best Model Stepwise Regression Equation - Overall Events 
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J2 Male Best Model Stepwise Regression Equation - Speed Events 
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J2 Male Best Model Stepwise Regression Equation - Technical Events 
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J2 Male Best Model Stepwise Regression Equation - Overall Events 
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J3 Male Best Model Stepwise Regression Equation - Speed Events 
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J3 Male Best Model Stepwise Regression Equation - Technical Events 
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J3 Male Best Model Stepwise Regression Equation - Overall Events 
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J2 Female Best Model Stepwise Regression Equation - Speed Events 
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J2 Female Best Model Stepwise Regression Equation - Technical Events 
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J2 Female Best Model Stepwise Regression Equation - Overall Events 
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J3 Female Best Model Stepwise Regression Equation - Speed Events 
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J3 Female Best Model Stepwise Regression Equation - Technical Events 
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J3 Female Best Model Stepwise Regression Equation - Overall Events 
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Table 10. J1 male correlations testing data. 
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Table 11. J2 male correlations testing data. 
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Table 12. J3 male correlations testing data.  
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Table 13. J1 female correlations testing data.  
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Table 14. J2 female correlations testing data. 
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Table 15. J3 female correlations testing data. 
 
 
 
 
 
 
 
 
 
 
 
 
